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GENE TRANSFER WITH ADENOVIRUSES HAVING MODIFIED 

FIBER PROTEINS 

This application is a continuation-in-part of 
application Serial No. 08/852,924, filed May 8, 1997, the 
contents of which are herein incorporated by reference in 
their entirety. 

This invention relates to adenoviruses, as used as 
gene delivery vehicles, whereby genes are transferred into 
cells. More particularly, the invention relates to the 
transfer of genes into cells by employing a modified 
adenovirus. The adenovirus, prior to modification, is of a 
first serotype, and the adenovirus is modified such that at 
least a portion, preferably the head portion, of the fiber 
of the adenovirus of the first serotype is removed and 
replaced with at least a portion, preferably the head 
portion, of the fiber of an adenovirus of a second 
serotype. 

This invention also relates to gene delivery or gene 
transfer vehicles other than adenoviruses, which have been 
modified to include at least a portion, preferably the head 
portion, of the fiber of an adenovirus of a desired 
serotype, whereby the gene delivery or gene transfer 
vehicle will bind to a receptor for the portion of the 
fiber, preferably the head portion, of the adenovirus of 
the desired serotype. Such gene delivery or gene transfer 
vehicles may be viruses, such as, for example, 
retroviruses, adeno-associated virus, and Herpes viruses, 
which have a viral surface protein which has been modified 
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to include at least a portion of the fiber, preferably the 
head portion, of the fiber of an adenovirus of a desrred 
serotype. Alternatively, the gene delivery or gene 
transfer vehicle may be a non-viral gene delivery or gene 
transfer vehicle, such as a plasmid, to which is bound at 
least a portion, preferably the head portron, of the fiber 
of an adenovirus of a desired serotype. In another 
exa^le, the gene delivery or gene transfer 
a proteoliposome which encapsulates an expression vehrcle, 
wherein the proteoliposcne includes a portion, preferably 

f *- h(3 fiber of an adenovirus or a 
the head portion, of the noer 

desired serotype. 

This invention further relates to adenoviruses of the 
Adenovirus 3 serotype which include at least one 
heterologous DNA sequence, and to the transfer of 
polynucleotides into cells which include a receptor which 
binds to the head portion of the fiber of Adenovirus 3 by 
contacting such cells with a gene transfer vehicle which 
includes the head portion of the fiber of Adenovirus 3. 
The term "gene transfer vehicle," as used herein, any 
construct which is capable of delivering a polynucleotide 
(DNA or RNA) sequence to a cell. Such gene transfer 
vehicles include, but are not limited to, viruses, such as 
adenoviruses, retroviruses, adeno-associated virus, Herpes 
viruses, plasmids, proteoliposo.es which encapsu ate a 
polynucleotide sequence to be transferred into a eel , and 
"syTthetic viruses" and "synthetic vectors" which include a 
polynucleotide which is enclosed within a fusogemc polymer 
layer, or within an inner fusogenic polymer layer and an 
outer hydrophilic polymer layer. 

The term "polynucleotide" as used herein means a 
polymeric form of nucleotide of any length, and includes 
ribonucleotides and deoxyribonucleotides . Such term also 
includes single- and double- stranded RNA. Th« . term also 
includes modified polynucleotides such as methylated or 
capped polynucleotides . 

p^n.r.pnTiwn OF THE INVENTION 
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Adenovirus genomes are linear, double-stranded DNA 
molecules about 36 kilobase pairs long. Each extremity of 
the viral genome has a short sequence known as the inverted 
terminal repeat (or ITR) , which is necessary for viral 
replication. The well-characterized molecular genetics of 
adenovirus render it an advantageous vector for gene 
transfer. The knowledge of the genetic organization of 
adenoviruses allows substitution of large fragments of 
viral DNA with foreign sequences. In addition, recombinant 
adenoviruses are stable structurally, and no rearranged 
viruses are observed after extensive amplification. . 

Adenoviruses may be employed as delivery vehicles for 
introducing desired genes into eukaryotic cells. The 
adenovirus delivers such genes to eukaryotic cells by 
binding cellular receptors. The adenovirus fiber protein 
is responsible for such attachment . (Philipson, et al., J. 
Virol. , Vol. 2, pgs. 1064-1075 (1968)). The' fiber protein 
includes a tail portion, a shaft portion, and a globular 
head portion which contains the putative receptor binding 
region. The fiber spike is a homotrimer, and there are 12 
spikes per virion. 

In susceptible cells, the adenoviral cellular entry 
pathway is an efficient process which involves two separate 
cell surface events (Wickham, et al., Cell , Vol. 73, pgs, 
309-319 '(1993)). First, a high affinity interaction 
between the adenoviral capsid fiber protein and an 
unidentified cell surface receptor mediates the attachment 
of the adenoviral particle to the cell surface. A 
subsequent association of the penton with the cell surface 

integrins, avp3 and a v p5 which act as co-receptors, 
potentiate virus internalization (Wickham, 1993) . 
Competition binding experiments using intact adenoviral 
particles and expressed fiber proteins have provided 
evidence for the existence of at least two distinct 
adenoviral fiber receptors which interact with the subgenus 
B (Adenovirus 3) and subgenus C (Adenovirus 5) adenoviruses 
(Defer, et al., J. Virol., Vol. 64, 3661-3673 (1990); 
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Mathias, et al., J^iro±, Vol. 68, pgs. «ll-«l< . 0»4)« 
Stevenson, et al., J- Virol,, vol. 69, pgs. 2.S0-2J37 
(19951). Although Adenovirus 5 and Adenovirus 3 utilize 
different fiber binding receptors, a v Integrins enhance 
entry of both serotypes into cells (Mathias, 1994, This 
suggests that the binding and entry steps are unlinked 
events and that fiber attachment to various cell surface 
molecules may permit productive entry. It is likely that 

„ et- fnr other adenoviral serotypes 
additional receptors exist for otner 

although this remains to be demonstrated. 

Adenoviral vectors derived from the human Subgenus C, 
Adenovirus 5 serotype are efficient gene delivery vehicles 
which readily transduce many nondividing cells. 
Adenoviruses infect a broad range of cells and tissues 
including lung, liver, endothelium, and muscle grapnel!, 
et al., Curr^plnlc^_Biolech^, Vol. 5, pgs. 617-625 
(1994). High titer stocks of purified adenoviral vectors 
can be prepared which makes the vector suitable for in v.vo 
administration. Various routes of in vivo ™ trat ° n 
have been investigated including intravenous delivery for 
iiver transduction and intratracheal instillation for gene 
transfer to the lung. As the adenoviral vector system is 
more widely applied, it is becoming apparent that some eel 
types may be refractory to recombinant adenoviral 
infection. Both the fiber binding receptor and a vp3 or 
a v P 5 integrins are important for high efficiency infection 
of target cells. Efficient transduction requires fiber 
mediated attachment as demonstrated by the effectiveness , of 
recombinant soluble fiber in blocking gene transfer 
(Goldman, et al., J. Virol- Vol. 69, pgs. 5951- 958 
(1995)). Transduction of cells which lack fiber receptors 
occurs with much lower efficiency and requires high 
multiplicities of input vector (Freimuth, et al , £. 
Virol., Vol. 70, pgs. 4081-4085 (1996); Haung, et al., J, 
Virol!, Vol. 70, pgs. 4502-4508 (1996)). Fiber independent 
Auction likely occurs through direct binding of the 
penton base arginine-glycine-aspartic acid, or 
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sequences to cell surface integrins. Blockade of the 
RGD: integrin pathway reduces gene transfer efficiencies by 
several fold (Freimuth, 1996; Haung, 1996), but the effect 
is less complete than blockade of the fiber receptor 
interaction, suggesting that the latter is more critical. 

Low level gene transfer may result from a deficiency 
in one of the components of the entry process in the target 
cell. For example, inefficient gene transfer to human 
pulmonary epithelia has been attributed to a deficiency in 
avb5 integrins (Goldman, 1995) . Other cell types such as 
vascular endothelial and smooth muscle cells have been 
identified as being deficient in fiber dependent 
transduction due to a low level of the Adenovirus 5 
receptor (Wickham, et al., J. Virol. , Vol. 70, pgs. 6831- 
6838 (1996) ). Several approaches have been undertaken to 
target adenoviral vectors to improve or enable efficient 
transduction of target cells. These strategies include 
alteration of the penton base to target selectively 
specific cell surface integrins (Wickham, et al,, Gene 
Ther . , Vol. 2, pgs. 750-756 (1995); Wickham, et al., 
Virol. , Vol. 70, pgs. 6831-6838 (1996)) and modification of 
the fiber protein with an appropriate ligand. to redirect 
binding (Michael, et al., Gene Ther. , Vol. 2, pgs. 660-668 
(1995); Stevenson, 1995). 

SUMMARY OF THE INVENTION 

The present invention is directed to the transduction 
of cells with adenoviruses wherein at least a portion of 
the fiber of the adenovirus, and in particular the head 
portion, is removed and replaced with a fiber portion, and 
in particular, a head portion of the fiber, having novel 
receptor specificities. Binding of recombinant Adenovirus 
5 and Adenovirus 3 fiber proteins to cellular receptors has 
been examined previously, and it was demonstrated that the 
receptor specificity of the fiber protein can be altered by 
exchanging the head domains between these two fiber 
proteins (Stevenson, 1995) . Thus, the present invention is 
directed to the transduction of cells with a modified 
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v. • „ a r-himeric fiber, wherein the adenovirus, 
adenovirus having a chimeric 

pri or to .nodification, is of a first serotype, and the 
adenovirus is modified suoh that at least a portion f the 
fiber, and in particular the head portion, of the 
dfno irus is reeved and replaced with at least a portion 
o£ the fiber of an adenovirus of the second set 

•F~„r,ri that- such adenoviruses bind to cens 
Applicants have found that sucn du , 

for the adenovirus of the second 
having a receptor for tne 

, nnl i rMts also have found that sucn 
serotype. Applicants d±=>u 

t-r, rells which are refractory to 
adenoviruses may bind to cells wn 

adenoviruses of the first serotype, yet are bound by the 
■edified adenoviruses through the binding of the head 
region of the fiber of the modified adenovirus to a 
receptor for the adenovirus of the second serotype, 
receptor l directed to gene 

The present invention also is a 

transfer vehicles, other than 

deliVerY 7 which include ieast a portion, preferably 
adenoviruses, whicn lnciuue a. 

rtf the fiber of an adenovirus of a 
the head portion, of the riDer uaefu l 
desired serotype. Such gene transfer vehicles a" useful 
for delivering polynucleotides to cells which have a 
receptor that binds to the fiber of the adenovirus of a 
receptor ub f vehicles which may be 

desired serotype. The gene transfer venici 

v^4- "Hm-ii-ed to, retroviruses, 
employed include, but are not limited to, 

, f . , Krus Herpes viruses, plasmids which are 
adeno-associated virus, nexp^ 

• n +•„ fhP at least a portion of the fiber or 
linked chemically to the at least f Bt „n nMOi es 

• ,« nf a desired serotype, and proteoliposomes 

rcapi™;: - * - — 

lnt0 ""yet another e*bodi»ent, the present invention is 
directed to an adenovirus o£ the Adenovirus 3 serotype 
„hich includes at least one heteroiogous » sequence^ 

in a further embodiment, the present invention also 
is directed to the transfer of polynucieotides into cells 
which include a receptor for Adenovirus 3 by contacting 
S uch cells with a gene transfer vehicle including at least 
a portion, and preferably the head portion, of the fiber of 
Adenovirus 3. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The invention now will be described with respect to 
the drawings, wherein: 

Figure 1 shows genomic analysis of the wild type 
fiber, AvlLacZ4 and chimeric fiber, Av9LacZ4 adenoviral 
vectors. Figure 1A shows Sea J (S) , DraJ (D) , EcoRI (E) and 
BamHI (B) restriction endonuclease sites on a schematic 
diagram for each vector. The predicted DraJ and Sea J 
restriction fragments and the expected sizes for AvlLacZ4 
and Av9LacZ4 are highlighted. DNA was isolated from each 
vector, digested with the indicated restriction 
endonucleases, and Southern blot analysis carried out using 
standard procedures. Figure IB shows digested DNA samples 

(0.4 ^g) that were applied to a 0.8% agarose gel and 
stained with ethidium bromide to visualize the individual 

DNA fragments. The combined XDNA/Hindlll and <j>X174 RF 
DNA/Haelll DNA size markers (M) are indicated. The AvlLacZ4 
wildtype vector was digested with: lane 1, ScaJ; lane 2, 
DraJ; and lane 3, EcoRI and BamHI. The Av9LacZ4 chimeric 
fiber vector was digested with: lane 4, Seal; lane 5, Dral 
and lane 6, EcoRI and BamHI. Figure 1C shows digested DNA 
fragments as shown in Figure IB that were transferred to a 
Zetaprobe membrane and hybridized with the [ 32 P] -labeled 
500 bp . Adenovirus 3 fiber head domain probe at 
approximately 1 x 10 6 cpm/ml and exposed to film for 12 
hours. The expected fragments derived from Av9LacZ4 which 
hybridized with the Adenovirus 3 fiber head probe are 
indicated. 

Figure 2 shows Western immunoblot analysis of 
adenoviral capsid proteins. An equivalent number of 
adenoviral particles for the AvlLacZ4 (lanes 1 and 4) , 
Av9LacZ4 (lanes 2 and' 5) vectors or a control virus 
containing the full length Adenovirus 3 fiber protein 
(lanes 3 and 6) were subjected to 4/15% SDS PAGE and 
Western blot analysis under denaturing conditions. (A) 2 x 
10 10 adenoviral particles were applied per lane and .the 
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.;4-v, hh<= anti-fiber monoclonal 
membrane was developed with the anti no 
memo c , aT1 an t-i_ mo use IgG-HRPO conjugated 

antibody, 4D2-5 and an anti mouse g 10 

secondary antibody by chemi luminescence. q 
seconaary membrane was 

narticles were applied per lane auu 

particles -Adenovirus 3 fiber specific 

developed using a rabbit anti A ^° V1 m?0 
polyclonal antibody and donkey anti rabbit g 
secondary antibody by chemiluminescence. The positions of 
molecular weight markers are indicated. 

~* -re are araphs of the results of 
Figures 3A and 3B are gr^"° 

^ -4-4™ a ssavs HeLa cell monolayers 
competition viral transduction assays, aeua . fied 

were incubated with increasing concentrations of purified 
Adenovirus 5 fiber trimer protein (5F, Fig. MM 
insect cell lysate containing the Adenovirus 3 fiber 
Ltein (3F/CL, Fig. 3B) prior to transduction with 100 
for petioles per cell of either the 
circles" or Av91aoZ4 (closed circles, adenoviral vectors. 
After 24 hours, the ceils were analyzed for p-galactosidase 
■ „ „, described in Example 1. The percentage of 
ZZZ ZJZ£> at each concentration of competitor 

• v <c the averaqe + standard deviation 
is plotted. Each point is the average ± 

of three independent determinations for a representative 
experiment. 

4 Shows differential adenoviral-mediated 
transduction properties of human ceil lines. HeLa ,F gures 
A and 4B,. mC-5 (Figures 4C and 4D) . ^™f^°2 
and 4F, cells were transduced with the AvlLacZ4 Figu e 
4A, 4C, and 4E, or Av 9t acZ4 (Figures 4B » and F 
vectors at 1000 total particles per cell. After 
the cells were analyzed for p-galactosidase expression as 
described in Example 1 . Representative photomrcrographs 
are shown. 

Figures 5A, 5B, and 5C are graphs showing Menoviral- 
mediated transduction properties of Heha, MRC-5 and FaDu 
ZL cell lines. The indicated cells were transduced with 
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0,10,100, and 1000 total particles per cell of the AvlLacZ4 
(open circles) or Av9LacZ4 (closed- circles) vectors for one 

hour at 37°C in a total volume of 0.2 ml of culture medium. 

After 24 hours, the cells were fixed and stained with X- 
gal as described in Example 1 . The percent transduced 
cells per high power field was determined for each vector 
dose. The data represent the average percent transduction 

± standard deviation for three independent experiments and 
each vector dose was carried out in triplicate. The 
percentage transduction of HeLa (Figure 5A) , MRC-5 (Figure 
5B) and FaDu (Figure 5C) cells at each vector dose is 
displayed. 

Figures 6A and 6B are graphs showing differential 
: adenoviral-mediated transduction properties of human cell 
lines. The percent transduction efficiency for each cell 
line infected with the AvlLacZ4 (open bars) or Av9LacZ4 
(closed bars) vectors is displayed for the vector dose of 
100 (Figure 6A) and 1000 (Figure 6B) particles per cell. 
The data represent the mean ± standard deviation from three 
independent experiments. The cell lines are as follows: 
HeLa: human cervical carcinoma cells; HDF: human diploid 
fibroblasts; THP-1 : human monocytes; MRC-5: human embryonic 
.lung diploid fibroblasts; FaDu: human squamous carcinoma 
cells; HUVEC: human umbilical vein endothelial cells, and 
HCAEC: human coronary artery endothelial cells. 

Figure 7 is a graph of the percentages of primary 
human aortic smooth muscle cells transduced with AvlLacZ4 
or Av9LacZ4 in amounts up to 10,000 particles/cell. 

Figure 8 is a graph of the percentages of human 
aortic smooth muscle cells (HASMC) transduced with AvlLacZ4 
or Av9LacZ4 in an amount of 1,000 particles/cell, of pig 
aortic smooth muscle cells (PASMC) transduced with AvlLacZ4 
or Av9LacZ4 in an amount of 1,000 particles/cell or 5,000 
particles/cell, and of rat aortic smooth muscle cells 
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(RAS MC) transduced with AvlLacZ4 or Av9LacZ4 in an amount 
of 1,000 particles/cell. 

Figure 9. Differential adenovirus-mediated 

transduction properties of hu*an squamous cell "™ 
eel! lines. OSQ-3 (panels A and B) , He P -2 (panels c and 
D , and SCO. cells (panels E and F, were transduced Witt, 

t heAvlLacS4 (panels A, c, » « *** \ ' ours 

vector at 1,000 total particles per cell. After 24 hours, 
the cells were analyzed for p -galactosidase expression as 
described in Example 8. Representative photomicrographs 
are shown. 

Figure 10. Effect of virus dose on transduction 
The os£ (Panel A, . Hep-2 (Panel B) , SCC9 (Panel C, cell 
The a=u increasing doses of AvlLacZ4 (open 

lines were exposed to increasing u 

circles, or Av9Lac Z 4 (closed circles) for one hour j ,t :*> C 
i„ a total volume of 0.2*1 of culture medium After 2 
hours, the cells were fixed and stained with X Gal as 
descr bed in Example 0 . The percentage transduction o 
transduced cells per high-power field - — 
each vector dose. The data represent the average 
percentage of transduction ± standard deviation <sd, for 
three independent experiments and in each experiment all 
vector doses were carried out in triplicate. 

Figure 11. Differential adenovirus-mediated 

transduction properties of human squamous cell carcinoma 
cell lines. The percentage of transduction efficiency for 
each cell line infected with the AvlLacZ4 (open bars) or 
i;lc 2 4 (shaded bars, vector is displayed for the vector 
dose of 1,000 total particles per cell. The data represent 
the mean ± standard deviation (sd, from three to six 
independent experiments . 

nv.T ATT.ED DESCRI PTION OF THE INVENTION 

- ~T~ 71 at , npr t of the present 

In accordance with an aspect 01 



-10- 



WO 98/50053 PCTAJS98/08570 

invention, there is provided a method of transferring at 
least one DNA sequence into cells. The method comprises 
transducing the cells with a modified adenovirus including 
the at least one DNA sequence. The adenovirus, prior to 
modification, is of a first serotype. In the modified 
adenovirus, at least a portion of the fiber of the 
adenovirus is removed and replaced with at least a portion 
of the fiber of an adenovirus of a second serotype. The 
cells include a receptor which binds to the at least a 
portion of the fiber of the adenovirus of the second 
serotype. Transfer of the at least one DNA sequence into 
said cells is effected through binding of the modified 
adenovirus to the cells. 

As stated hereinabove, the adenovirus fiber protein 
includes a head portion, a shaft portion, and a tail 
portion. In one embodiment, at least a portion of the head 
portion of the fiber of the adenovirus of the first 
serotype is removed and replaced with at least a portion of 
the head portion of the adenovirus of the second serotype. 

In a preferred embodiment, all of the head portion of the 
fiber of the adenovirus of the first serotype is removed 
and replaced with the head portion of the fiber of the 
adenovirus of the second serotype. 

In one embodiment, the first and second serotypes of 
the adenoviruses are from different subgenera. In general/ 
the human adenoviruses are divided into Subgenera A through 
F. Such subgenera are described further in Bailey, et al., 
Virology , Vol. 205, pgs. 438-452 (1994), the contents of 
which are herein incorporated by reference. Subgenus A 
includes Adenovirus 12, Adenovirus 18 and Adenovirus 31. 
Subgenus B includes Adenovirus 3, Adenovirus 7, Adenovirus 
14, and Adenovirus 35. Subgenus C includes Adenovirus 1, 
Adenovirus 2, Adenovirus 5, and Adenovirus 6. Subgenus D 
includes Adenovirus 9, Adenovirus 10, Adenovirus 15, and 
Adenovirus 19. Subgenus E includes Adenovirus 4. Subgenus 
F includes Adenovirus 40 and Adenovirus 41. In one 
embodiment, the adenovirus of the first serotype is an 
Adenovirus of a serotype within . Subgenus C, and the 
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adenovirus of the second serotype is an adenovirus of a 
fmp with in a subgenus selected from the group 
serotype within a y another 
consisting of Subgenera A, B, D, E, and F. 
embodiment, the adenovirus of the second serotype is - 
adenovirus of a serotype within Subgenus B In -th 
embodiment, the adenovirus of the first ser ^yp 
Ad enovirus 5, and the adenovirus of the second se^yp 

, Thus in such embodiment, ammo acid 

::r, 't. ^ «» «~ «. «*« head 

Adenovirus 5 are reeved and replaced with amino 
d residues 136 to 31. of the fiber (i.e. the frher he d 

•5 ThP DNA encoding the rioer 
reaion) of Adenovirus 3. Tne ujma euo * 

; i of Adenovirus 5 is roistered as cenbank Accession 
I. M18369 (incorporated herein by reference,, and th » 
encoding the fiber protein of Adenovirus 3 is regastered as 
Genbank Accession «o. M12411_ ^ 

Cells vjhich may be transaucea «ai. 
adenovirus include those cells which have a receptor that 
binds to the portion of the fiber protean and an 
particular the head portion o, the fiber protean, of the 
adenovirus of the second serotype. When the modified 
d novirus is an adenovirus of the Adenovirus 5 serotyp 
having a fiber head portion of Adenovirus 3, the cells 
which ..ay be transduced by such modified adenovirus 
whicn may cells, including, but 

include, but are not limited to, lung cell 
not limited to, lung epithelial cells and lung cancer 
cells,- blood cells such as hematopoietic cells, including, 
r . limited to, monocytes and macrophages, lymphoma 
cells- leukemia cells, including acute myeloid leukemia 
cells, leuse i„, v ™ia cells, smooth muscle 

cells and acute lymphocytic leukemia cells, 
ceU s. including, but not limited to, smooth muscle cells 
Tf blood vessels and of the digestive system, and tumor 
cells, including, but not limited to, head and neck cancer 
cells and neuroblastoma cells. 

such adenoviruses may be constructed from an 
adenoviral vector of a first serotype wherein » encoding 
at least a portion of the fiber is removed and replaced 
with DNA encoding at least a portion of the fiber of the 
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adenovirus of a second serotype. 

The adenovirus, in general, also includes at least 
one DNA sequence to be transferred into cells. The at 
least one DNA sequence may be a heterologous DNA sequence, 
and in particular, may be a heterologous DNA sequence 
encoding a therapeutic agent. The term "therapeutic" is 
used in a generic sense and includes treating agents, 
prophylactic agents, and replacement agents. 

DNA sequences encoding therapeutic agents include, 
but are not limited to, DNA sequences encoding tumor 

necrosis factor (TNF) genes, such as TNF- a ; genes encoding 

interferons such as ■ Inter feron- a , Inter feron-JJ, and 

Interferon-y; genes encoding interleukins such as IL-1, IL- 

1(3, and Interleukins 2 through 14; genes encoding G-CSF, 

GM-CSF, TGF- a , TGF-p, and fibroblast growth factor; genes 
encoding ornithine transcarbamylase, or OTC; genes encoding 
adenosine deaminase, or ADA; genes which encode cellular- 
growth factors, such as lymphokines, which are growth 
factors for lymphocytes; genes encoding epidermal growth 
factor (EGF) , vascular endothelial growth factor (VEGF) , 
and keratinocyte growth factor (KGF) ; genes encoding 
soluble CD4; Factor VIII; Factor IX; cytochrome b; 
glucocerebrosidase; T-cell receptors; the . LDL receptor, 
ApoE, ApoC, ApoAI and other genes involved in cholesterol 

transport and metabolism; the alpha-1 antitrypsin (alAT) 
gene; genes encoding co-stimulatory antigens, such as B7.1; 
genes encoding chemotactic agents, such, as lymphotactin, 
the cystic fibrosis transmembrane conductance regulator 
(CFTR) genes; the insulin gene; the hypoxanthine 
phosphoribosyl transferase gene; negative selective markers 
or "suicide" genes, such as viral thymidine kinase genes, 
such as the Herpes Simplex Virus thymidine kinase gene, the 
cytomegalovirus virus thymidine kinase gene, and the 
varicella-zoster virus thymidine kinase gene; Fc receptors 
for antigen-binding domains of antibodies, antisense 
sequences which inhibit viral replication, such as 
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,M\rh inhibit replication of hepatitis 
antisense sequences wh.cn inh^t P 

B or hepatitis non-A non B virus, limit ed 
oli go„ucleotidee, an, ^-«,^, M ^ 
to, manganese superoxide dismutase (Mn buuj , ..„,._ 
cLer-zinc-superoxide dismutase (CuZn-SOD) , extracellular 
uper x L dismutase (EC-SOD) , and glutathione reductase; 
superoxide _ urinary plasminogen 

♦-issue plasminogen activator (tPA) , uixna * 
tissue piasnu. y . di the phenylalanine 

activator (urokinase); hirudin, tne y * active 

r,-ii-rir oxide synthetase; vasoactive 
hydroxylase gene; nitric oxiae y 

peptides; angiogenic peptides; the dopa^ne gene, the 
dy st E cphin gene; the p -gloMn gene, the a-globin gene; th 
HbA gene; protooncogenes such as the ras, arc, and bcl 
Lor-suppressor genes such as p53 and Kb; genes 
genes, luu w ^„4- nr . c suc h as, for example, 

encoding anti-angiogemc factors, such as, 
endothelial monocyte activating polypeptide-2 (EMAP 2) , the 

heregulin- a protein gene, f- 

— e r /of ex^e t^ Pn gene; antisense 

gen es, such as, for ««* ^ ^ ^ ^ 

SS^rJc o^synthetase (.OS) gene; monoclonal 
antibodies specific to epitopes contained withi, , the^- 
v . ftf a T - C eil antigen receptor; the multidrug 
chain of a T dihvd rofolate reductase (DHFR) 

resistance (MDR) gene; the dihydroloiat 

ge ne; DNA sequences encoding ribozymes; »tx 8 «ae 
«leotides; genes encoding secretory ch 
act as competitive inhibitors of angiotensin convert^ 
enzyme of vascular smooth muscle calcium channels, or of 
enzyme, 01 va seqU ences encoding enzymes 

srireneraic receptors, and dna sequent 

rr b rea k down amyloid plagues within th. .centra! ~ 
— . it is to he -deratood n„ -~ « 

the present invention is not to 
particular therapeutic agent. 

The DNA seguence which encodes the therapeutic agent 
may he genomic » or Bay he a d» seguence The m 

=1 =n mav be the native DNA sequence or an allelic 
seouence also may oe uw . 
larLt thereof. The term "allelic variant" H ; used herein 
means that the allelic variant is an alternative form, cf 
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the native DNA sequence which may have a substitution, 
deletion, or addition of one or more nucleotides, which 
does not alter substantially the function of the encoded 
protein or polypeptide or fragment or derivative thereof. 
In one embodiment, the DNA sequence may further include a 
leader sequence or portion thereof, a secretory signal or 
portion thereof and/or may further include a trailer 
sequence or portion thereof* 

The DNA sequence encoding at least one therapeutic 
agent is under the control of a suitable promoter. 
Suitable promoters which may be employed include, but are 
hot limited to, adenoviral promoters, such as the 
adenoviral major late promoter; or heterologous promoters, 
such as the cytomegalovirus (CMV) promoter; the Rous 
Sarcoma Virus (RSV) promoter; inducible promoters, such as 
the MMT promoter, the metallothionein promoter; heat shock 
promoters; the albumin promoter; and the ApoAI promoter. 
It is to be understood, however, that the scope of the 
present invention is not to be limited to specific foreign 
genes or promoters . 

The adenoviral vector which is employed may, in 
one embodiment, be an adenoviral vector which includes 
essentially the complete adenoviral genome (Shenk et al . / 
Curr. Top. Microbiol. Immunol. , 111(3): 1-39 (1984). 
Alternatively, the adenoviral vector may be a modified 
adenoviral vector in which at least a portion- of the 
adenoviral genome has been deleted. 

In a preferred embodiment, the . adenoviral vector 
comprises an adenoviral 5' ITR; an adenoviral 3' ITR; an 
adenoviral encapsidation signal; a DNA sequence encoding a 
therapeutic agent; and a promoter controlling the DNA 
sequence encoding a therapeutic agent. The vector is free 
of at least the majority of adenoviral El and E3 DNA 
sequences, but is not free of all of the E2 and E4 DNA 
sequences, and DNA sequences encoding adenoviral proteins 
promoted by the adenoviral major late promoter. 

In one embodiment, the vector also is free of at 

» 

least a portion of at least one DNA sequence selected from 
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. Hnn of the E2 and E4 DNA sequences, 
the group consisting of the 

m another embodiment, the vector is free ox 

In anotner e sequences, and 

DNA sequences. th E2a 

in still another embodiment, the gene in t 
in stin kiiodalton binding protein is 

region that encodes the 72 kiloaa 

stated to produce a temperature sensitive protein 

* the temperature at which the viral 

active at 32 C, tne f sen sitive mutant 

particles are produced. This t-perature^ 

is described in Ensinger 15:348 -354 
{1972)( Van der Vliet et al., — 0 _ 389 (1983 ) . 
(1975), and Friefeld et al., Virology, 

«-«r in a preferred embodiment, is 
Such a vector, m P standard 

t „«-o^ first bv constructing, accoramy 
constructed tl rst by beginning 

techniques . shuttle P eleme „ts," which include 

the 5. end, the cntrcel le ^ M 

an adenoviral S IIR, , » (uhich MJ be an 

and an Ela enhancer sequence, a P^ ( # 

adenoviral promoter or a forergr P , a poly A 

clonln g site ^ S ch corresponds to a segment or 

signal; and a »» segment Mtlll a 

the adenoviral genome. The vect corresponding 
tripartite leader sequence The ™ g- 

to the adenoviral genome ser ^ 

h omologous "^"^^ enc0Bp ass, for example, a 
adenovirus, and such sequence m y 

- n f fhP adenovirus 5 genome no longer than rrom 
segment of the adenoviru plaS mid may also 

3329 to base 6246 of the genome. The pias * 
332y to ucioc nriain of replication, 

include a selectable marker and an orrgrn P 

The origin of replication may be a J~ terlal s 9 huttle 

, . t • Rpnresentative examples of sucn 

replication. Represent . . bed in published PCT 

plasmids include P AvS6, which is Scribed in p 

Mn« Nos W094/23582, published October 27, 
Application Nos. wu»«/ patent 

wn95/09654, published April 13, 19^ ana x 
and W095/09M4, p Dm sequence 

No. 5,543,328, issued August 6, 1996. 
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encoding. a therapeutic agent then may be inserted into the 
multiple cloning site to produce a plasmid vector. 

This construct is then used to produce an adenoviral 
vector. . Homologous recombination is effected with a 
modified or mutated adenovirus in which at least the 
majority of the El and E3 adenoviral DNA sequences have 
been deleted. Such homologous recombination may be 
effected through co-transf ection of the plasmid vector and 
the modified adenovirus into a helper cell line, such as 
293 cells, by CaP0 4 precipitation. Upon such homologous 
recombination, a recombinant adenoviral vector is formed 
that includes DNA sequences derived from the shuttle 
plasmid between the Not I site and the homologous 
recombination fragment, and DNA derived from the El and E3 
deleted adenovirus between the homologous recombination 
fragment and the 3' ITR. 

In one embodiment, the homologous recombination 
fragment overlaps with nucleotides 3329 to 6246 of the 
Adenovirus 5 (ATCC VR-5) genome. 

Through such homologous recombination, a vector is 
formed which includes an adenoviral 5 f ITR, an adenoviral 
encapsidation signal; an Ela enhancer sequence; a promoter; 
at least one. DNA sequence encoding a therapeutic agent; a 
poly A signal; adenoviral DNA free of at least the majority 
of. the El and E3 adenoviral DNA sequences; and an 
adenoviral 3 1 ITR. The vector also may include a 
tripartite leader sequence. The vector may then be 
transfected into a helper cell line, such as the 293 helper 
cell line (ATCC No. CRL1573) , which will include the Ela 
and Elb DNA sequences, which are necessary for viral 
replication, and to generate adenoviral particles. 
Transfection may take place by electroporation, calcium 
phosphate precipitation, microinjection, or through 
proteoliposomes . 

In another embodiment, the adenoviral vector is free 
of all or a portion of each of the adenoviral El and E4 DNA 
sequences, or is free of all or a portion of each of the 
adenoviral El and E2 DNA sequences, or is free of all or a 
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* i-u i t?o and E4 DNA sequences, 
portion of each of the El E 2 and E ^ ^ 

Such vectors may be assemoxeu y 
Usat on from eomhinations of piasmids containing portrons 
or modified or unmodified virus genome or plasmxda and 
of modinea uj. adenoviral genome, 

fragments derived directly from a ^ ^ or 

such as the Adenovirus 5 genome (ATCC No. v 
such as me rnntaininq mutations or 

Adenovirus 5 derived viruses containing 

deletions. vec tors can be assembled 

in another alternative, the vector 

by homologous recombination, within a eukary 
between a plasmid clone containing a portion 
between f i< ac Adenovirus 5 genome or the 

adenoviral genome (such as the Adenovir y 

s n mutant Ad dl327 (Thimmapaya, et al., kSii' 
adenovirus 5 E3^ ^ 

vol. 31, P g. 543 (is n pAvS6)> 

and a second plasmid (such as, H^Ption 

* • nlnn the left adenoviral ITR, an El region deletion, 

containing the left Alte matively, homologous 

and the desired trans gene ^ ^ ^ 

— ~ -Una 

cap jr 0 r- — r fUon :: r ^ 

■ ,anea deieted from the virai sector. ^ ^ ^ . 

-rr r^e ^ r : r:: 

^ adenoviral vector growth, provide 
adenovirus or adenovirax presence of 

f . naH virus production in the presence 
continued virus P reS ponsive to 

glucocorticoid hormones, and ^ ^ 

glucocorticoid hormones (i.e., the 

• a Glucocorticoid hormone receptor) . Cell lines 
expressing a glucocorticoi essential adenoviral 

which may be transfected with the ing the 

aeneS and thus may be employed for generat 
genes, -include, but are not 

infectious adenoviral particles include ' 

limt ed to, the -. and r -- vi r 9 enea ma, i,e 

Because the expression 
*. • rn cells the El region, as well as the E2a, E2b, 
toxic to cells, tne « rontr ol of an inducible 

and/or E4 regions, may be under the control 
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promoter. Such inducible promoters may include, but are 
not limited to, the mouse mammary tumor virus (MMTV) 
promoter (Archer, et aJ., Science , Vol. 255, pgs. 1573-1576 
(March 20, 1992)); the synthetic minimal glucocorticoid 
response element promoter GRE5 (Mader, et al . , Proc. Nat. 
Acad. Sci. , Vol. 90, pgs. 5603-5607 (June. 1993) ) ; or the 
tetracycline-responsive promoters (Gossen, et al., Proc. 
Nat. Acad. Sci. , Vol. 89, pgs. 5547-5551 (June 1992)). In 
another alternative, the El region is under the control of 
an inducible promoter, and the E2a, E2b and/or E4 regions 
are under the control of their native promoters. In such 
alternative, the native promoters are transactivated by 
expression of the El region. 

In one embodiment, the cell line includes the entire 
adenoviral E4 region with its native promoter region, and 
the Ela region or the entire El region (including the Ela 
and Elb regions) under the control of a regulatable or 
inducible promoter, such as, for example, the mouse mammary, 
tumor virus (or MMTV) promoter, which is a hormone 
inducible promoter, or other such promoters containing 
glucocorticoid responsive elements (GRE's) for 
transcriptional control. In another embodiment, the E4 DNA 
sequence also is expressed from a regulatable promoter, 
such as the MMTV promoter. The El and E4 DNA sequences may 
be included in one expression vehicle, or may be included 
in separate expression vehicles.. Preferably, the 

expression vehicles are plasmid vectors which integrate 
with the genome of the cell line. 

Such vectors, wherein the vector is free of all or a 
portion of each of the adenoviral El and E4 DNA sequences, 
or is free of all or a portion of each of the adenoviral El 
and E2 DNA sequences, or is free of all or a portion of the 
El, E2, and E4 DNA sequences, and the complementing cell 
lines, also are described in PCT Application No. 
W096/18418, published June 20, 1996, the contents of which 
are incorporated herein by reference. 

Upon formation of the adenoviral vectors hereinabove 
described, the genome of such a vector is modified such 
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^ least a portion of the fiber protein 

that DNA encoding at least a por 

^ roniared with DNA encoding at least 
is removed and replacea wiui w aw 4 nft a 

v^^-o an adenovirus having a 
portion of the fiber prote n „ ^» ^ 

setoff diff erent < ™ ^ ° £ J acOTpllshed throu gh 
modified. such modification y ski lled in 

genetic engineering techniques known to those 



^ "^n modification of the genome of the adenoviral 
vector: the vector is trans feet, into 

line for the generation of mteccioub * ^ 
line io 1 ^ fiber protein, in 

. a v Toast a portion or rne uuci ^ 

p : ^ -head portion has been changed to include a 

portion, and in ^^J^J^^TZ 

protein of an adenovirus having a serotyp 

that of the adenovirus being modified. 

alternatively, the » seguence encoding the modi red 
fiber may be placed into an adenoviral shuttle plasmid such 
1 those hereinabove described. The shuttle plasmid also 

!!v include at least one DKA seguence encoding a 
may include ^ transtected int o 

therapeutic agent. The shuttle P infectious 

„U line for the generation of inrecciou» 
^ -novirai genome wherein the DNA 

^I^I^TT^ -tie 
inclu : s It ieast one DNA seguence — 
agent, and a second s« ^ ^t shuttle 
seguence encoding the modified fiber. 

, ic transfected into an appropriate cell line 

plasmid is tranSf6 f 6 fectious viral partic les including at 
the generation of mfectio therapeut ic agent. The 

on e DNA seguence encoding a therapeuti y 
least one DNA gu ^ ^ sequence 

second shuttle ±s transfect ed with the 

encoding the modified ^> *° sequence encoding 

adenovirus including the at least on 

. therapeutic agent into an "^J^ 
S^rr^JST- -St one therapeutic 

rrr^STT modified adenovirus 
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is constructed by effecting homologous recombination 
between an adenoviral vector of the first serotype which 
includes at least one DNA sequence encoding a therapeutic 
agent, with a shuttle plasmid including a DNA sequence 
encoding the modified fiber. 

The modified adenovirus may be employed to transduce 
cells in vivo, ex vivo, or in vitro* When administered in 
vivo, the adenoviruses of the present invention may be 
administered in an amount effective to provide a 
therapeutic effect in a host. In one embodiment, the 
modified adenovirus may be administered in an amount of 
from 1 plaque forming unit to about 10 14 plaque forming 
units, preferably from about 10 6 plaque forming units to 
about 10 13 plaque forming units. The host may be a 
mammalian host, including human or non-human primate hosts. 

The modified adenovirus may be administered in 
combination with a pharmaceutical^ acceptable carrier 
suitable for administration to a patient, such as, for 
example, a liquid carrier such as a saline solution, 
protamine sulfate (Elkins-Sinn, Inc., Cherry Hill, N.J.),, 
or Polybrene (Sigma Chemical) . 

Cells which may be transduced with the modified 
adenovirus are those which include a receptor for the 
adenovirus of the second serotype, whereby the portion of 
the fiber of the adenovirus of the second serotype, in 
particular the head portion, which is included in the 
modified adenovirus, is bound by the receptor for the 
adenovirus of the second serotype. 

When, as in one embodiment, the adenovirus of the 
first serotype is Adenovirus 5, and such adenovirus has 
been modified such that at least a portion of the fiber, in 
particular the head portion of Adenovirus 5, has been 
removed and replaced with at least a portion, in particular 
the head portion of Adenovirus 3, cells which may be 
transduced include lung cells, including, normal lung cells 
such as lung epithelial cells, lung fibroblasts, and lung 
cancer cells; blood cells, such as hematopoietic cells, 
including monocytes and macrophages; lymphoma ceils; 



-21- 



PCT/US98/08570 

WO 98/50053 

leUk e,ia -11.. mcludin, acute peloid 

acute lymphocytic ieu^ia celU- -co h muscXe c 

include smooth „uscle ceUs of Mood ^ 

CanCer Th C u e s a Td^d aLo^cus o £ the —us 5 
scroti T which inciudes a head portion of the fxber o 
ser yF . , ^ 0 v reat a disease or disorder ot 

Adenovirus 3 may be used to treat 

the lung (such as, for example, cystic rio 
surfactant protein deficiency states, or emphysema) The 
surfactant pi Ministered, for example, by 

modified adenovirus may be administered, 
aerosolized inhalation or bronchoscope installati 
via intranasal or intratracheal filiation. be used to 
For example, the modified adenoviruses may be used 

rp1ls and such modified adenoviruses may 
infect lung cells, and s treat ment of 

nb^: 9611 in e^odiment, the modified 

, =nr-fartant protein A (bf f £>U11 ° 

protein, such as surfactant p wher eby 
, o1n B (sp-b), or surfactant protein C (SP C) , wner y 

r^iir admiral vector »J^»£*J£ 
surfactant protein deficiency states^ In V 
embodiment, the modified adenovirus may include g 
encoding a -l-antitrypsin, whereby the modified adenov r» 
ma y be employed in the treatment of emphysema caused by a 

1-antitrypsin deficiency aden oviruses may 

In another embodiment, the moan 
h t-n infect hematopoietic stem cells of a cancer 
be used to infect v pro tect such 

hot,* undergoing chemotherapy in order to P 
patient undergoi g ch emotherapeutic agents. 

C6l n S a: ^ tr^d with the modified adenovirus 
such cells ma be t ^ ^ ^ £ample 

in vivo, or the cells y ^ iefttf 

or bone marrow sample that is remo 

, ^ w-it-h the modified adenovirus ex vivo, 

transduced with tne mu homatoooietic stem 

• ^ n, e natient. For example, hematopoieLj.^ 
returned to the patient a . mod ified 
cells may be transduced « o ^ ex ^ & 

adenovirus of the present invention 
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multidrug resistance (MDR) gene or a dihydrofolate 
reductase (DHFR) gene. Such transduced hematopoietic stem 
cells become resistant to chemotherapeutic agents, and 
therefore . such transduced hematopoietic stem cells can 
survive in cancer patients that are being treated with 
chemotherapeutic agents. 

In yet another embodiment, the modified adenoviruses 
may be employed in the treatment of tumors, such as head 
and neck cancer, neuroblastoma, lung cancer, and lymphomas . 

For example, the modified adenovirus may include a 
negative selective marker, or "suicide" gene, such as the 
Herpes Simplex Virus thymidine, kinase (TK) gene. The 
modified adenovirus may be employed in the treatment of the 
head and neck cancer or lung cancer, or neuroblastoma, or 
lymphoma, by administering the modified adenovirus to a 
patient, such as, for example, by direct injection of the 
modified adenovirus into the tumor or into - the lymphoma, 
whereby the modified adenovirus transduces the tumor cells 
or lymphoma cells. Alternatively, when the modified 
adenovirus is employed to treat head and neck cancer or 
neuroblastoma, the modified adenovirus may be administered 
to the vasculature at a site proximate to the head and neck 
cancer or neuroblastoma, whereby the modified adenovirus 
travels to and transduces the head and neck cancer cells or 
neuroblastoma cells. After the tumor cells or lymphoma 
cells are transduced with the modified adenovirus, an 
interaction agent or prodrug, such as, for example, 
ganciclovir, is administered to the patient, whereby the 
transduced tumor cells are killed. 

In a further embodiment, the modified adenoviruses 
may be employed in the treatment of leukemias, including 
acute myeloid leukemia and acute lymphocytic leukemia. For 
example, the modified adenovirus may include a negative 
selective marker, or "suicide" gene, such as hereinabove 
described. The modified adenovirus may be administered 
intravascularly, or the modified adenovirus may be 
administered to the bone marrow, whereby the modified 

adenovirus transduces the leukemia cells. After the 
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j with the modified adenovirus, 
leukemia cells are transduced with the ^ ^ 

an interaction agent or prodrug ^ ^ ^ ^ 

patient, whereby the transduced ias> inc i u ding 

In an alternative embodiment, leuKemias, 

Tnid leukemia and acute lymphocytic leukemia, or 
acute myeloid leukemia adenovirus 

neuroblastoma, may be treated polypept ide which 

, ,« nn = DNA sequence encoding a poiyt^ 
including a DNA seq ._ st the leukemia cells or 

elicits an irrmune response against the 
neuroblastoma cells. • Such polypeptides include, 

i- limited to, immunostimulatory cyctokines such 
not limited uu, B7.1; and 

ch-ot»ctxc a g en , such as My be administered 

treat leukemia, the modified marrou , 
intravascular^, or may be leukKaia 
hereby the modified adenovirus transduces the 
ceils. When employed to treat -"oblas,^, the to the 

mav be administered directly 
adenovrrus may b administe red intravascular^, 

neuroblastoma, and/or may ^ 

whereby the modlfieo 

neuroblastoma cells. transduced 
T ne transduced leukemia cells uhicn 
neuroblastoma cells then express the po»JP 

eucits an 7-,^^^^^^-^: « 

:;crr u - — cans or 

neuroblastoma cells. ^ modi fied adenovirus 

in yet another embodiment, tne mo nrevent 
. „f n nrevent or treat restenosis or prevent 
ma y be employed to prevent 

or treat vascular lesions after a &s used 

mt„ term -invasive vascular proceaure, 
procedure. The term m involves re pair, removal, 

nerein, means any bypa ss or shunt) of 

. replacement, and/or redirection (e.g., ^ ^ 

Hnn of the vascular system, including, 
a portion of tne v procedures include, 

, . , r( . ar < ps and veins. sucn pi"^ u 
limited to, arteries ano vaSCU iar grafts such 

v.»t are not limited to, angioplasty, vascuxa y 
but are not ^ removals G f 

as arterial grafts ^ byP ass surgery, 

portions of arteries or in clude a "DNA 

For example, the modified adenovirus may 
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sequence, encoding a therapeutic agent, such as cell cycle 
control agents, such as, for example, p21; hirudin; 
endothelial nitric oxide synthetase; or . antagonists to 
cyclin Gl or cyclin Dl, such as antibodies which recognize 
an epitope of cyclin Gl as cyclin D.l. Alternatively, the 
modified adenovirus may include an antisense polynucleotide 
to the cyclin Gl or cyclin Dl gene, or in another 
alternative, the modified adenovirus may include a negative 
selective . marker or "suicide" gene as hereinabove 
described. The modified adenovirus then is administered 
intravascularly, at a site proximate to the vascular 
lesion, or to the invasive vascular procedure, whereby the 
modified adenovirus transduces smooth muscle cells of the 
vasculature. The transduced cells then express the 
therapeutic agent, thereby treating or preventing 
restenosis or vascular lesions. Such restenosis or 
vascular lesions include, but are not limited to, 
restenosis or lesions of the coronary, carotid, femoral, or 
renal arteries, and renal dialysis fistulas. 

In one embodiment, when the restenosis or vascular 
lesion is associated with proliferation of smooth muscle 
cells of the vasculature, the modified adenovirus may 
include a gene encoding a negative selective marker, or 
"suicide" gene as hereinabove described. Upon transduction 
of the smooth muscle cells with the modified adenovirus, an 
interaction agent or prodrug as hereinabove described is 
administered to the patient, thereby killing the transduced 
smooth muscle cells at the site of the restenosis or 
vascular lesion, and thereby treating . the restenosis or 

vascular lesion. 

In another embodiment, the modified adenovirus, which 
includes at least one DNA sequence encoding a therapeutic 
agent, may be administered to an animal in order to use 
such animal as a model for studying a disease or disorder 
and the treatment thereof. For example, a modified 
adenovirus, in accordance with the present invention, 
containing a DNA sequence encoding a therapeutic agent may 
be given to an animal which is deficient in such 
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r. w ^ 10 ni- tn the administration of 
therapeutic agent. Subsequent to tne 

.edified adenovirus containing the DN* sequence 
coding the therapeutic agent, the animal is eve ua d fo 
expression of such therapeutic' agent. Fro, th results o 
such a study, one then may determine how such adenoviruses 
Z be admin stered to human patients for the treatment of 
Z dis^e or disorder associated with the deficiency of 

the -;« r ;- s -tntem P iated within the scope of the 
present invention that at least a portion, preferably at 
lata Portion of the head portion, and more preferably 
he entire head portion, of the fiber of an adenovirus of a 
desired serotype may be incorporated into a gene delivery 
or gene transfer vehicle other than an adenovirus^ Such 

f^nefpr vehicles include, but are 
Hpliverv or gene transrer veiuti= 
gene delivery y retroviral vectors, 

nn r limit ed to, viral vectors such as retroviral 
not limited to, virus vectors, 

adeno-associated virus vectors, and Herpes vi 

such as Herpes Simplex Virus vectors; and 
delivery system, including plasmid vector 
proteoliposo.es encapsulating genetic material, synthetic 
viruses," and "synthetic vectors." 

When a viral vector is employed, the viral surfa 
prote such as a retroviral envelope, an adeno-associated 

v u na*ed protein coat, or a Herpes Virus envelope 

modified to include at least a portion, 

a portion of the head portion, and more 

entire hea d Portio, of an a— - ^ 

err: — r: - 

portion of the fiber 

serotype. For example, the viral vecto , 
polynucleotide (DNA or RNA) sequence to be transferred 

v ,n rsl surface protein which has been 

a cell, may have a viral surrac P 

modiJ ied to include «. head .rtio - ^ 

: = with Tenetic engineering technigues ^ to 
-e silled in the art The viral vectors then^be 
employed to transduce cells, sucn 
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described, which include a receptor which binds to the head 
portion of the fiber of Adenovirus 3, to treat diseases or 
disorders such as those hereinabove described. 

In another embodiment, the gene transfer vehicle may 
be a plasmid, to which is linked at least a portion, 
preferably at least a portion of the head portion, and more 
preferably the entire head portion, of the fiber of an 
adenovirus of a desired serotype. The at least a portion 
of the fiber of the adenovirus of a desired serotype may be 
bound directly to the plasmid vector including a 
polynucleotide to be transferred into a cell, or the at 
least a portion of the fiber of the adenovirus of a desired 
serotype may be attached to. the plasmid vector by means of 
a linker moiety, such as, for example, linear and branched 
cationic polymers, such as, polyethyleneimine, or a 
polylysine conjugate, or a dendrimer polymer. The plasmid 
vector then is employed to transduce cells having a 
receptor which binds to the head portion of the fiber of 
the adenovirus of the desired serotype. For example, a 
plasmid vector may be attached, either through direct 
binding or through a linker moiety, to the head portion of 
the fiber of Adenovirus 3. The plasmid vector then may be 
employed to transduce, cells having a receptor which binds 
to the head portion of the fiber of Adenovirus 3, as 
hereinabove described. 

.In another embodiment, a polynucleotide which is to 
be transferred into a cell may be encapsulated within a 
proteoliposome which includes at least a portion, 
preferably at least a portion of the head portion, and more 
preferably the entire head portion, of the fiber . of an 
adenovirus of a desired serotype. The polynucleotide to be 
transferred to a cell may be a naked polynucleotide 
sequence or may be contained in an appropriate expression 
vehicle, such as a plasmid vector. The proteoliposome may 
be formed by means known to those skilled in the art. The 
proteoliposome, which encapsulates the polynucleotide 
sequence to be transferred to a cell, is employed in 
transferring the polynucleotide to cells having a receptor 
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uhic „ binds to the head portion of the f it^ of the 

adenovirus of a desired serotype. For jxa^le, ^ 

proteoliposome may include, in Me novirus 

proteoliposome, the head portion of th^hb 

3, and such proteoiiposoe may b e e^e ^ ^ 

cells, such as those hereinabove describe 

receptor which binds to the head portxon of the fiber 

aHovirus 3 UP°n binding of the proteoUposome to the 

ZTZ polynucleotide contained in the liposome rs 

yet ^rembodiment, a polynucleotide which is 
in yet anot ^ £ g „ synthetlc 

t0 be transferred into the cell may P leotlcle ls 

vlrU s.- m such a "synthetic virus, J he p ^ 

encloS ed within an inner ^^T^LJ^ also 
— oestabilirin, po yme Th^ e yn ^ ^ 

includes an outer layer a , tion of 

The at least a portion, preferably a 
the head portion, and more preferably ^ » 
portion, of the fiber of an adenovirus of » 
Retype, is bound to ^ ; outer ^ayer of 

nydrophi ic ^^^^^Xcleotide seguenee or may be 
to a cell may be a naked poiyn hicle as 

contained in an ^. is ewloye d 

hereinabove described. The syn 

in transferring the polynucleotide to cells J 
receptor which binds to £ - £*. - ^ the 

r tttt vTrus" may Include the head portion of the fiber 
■synthetic virus my ^ ^ clMvable 

° f M h Tc lr o U oU'r The "synthetic virus" is empioyed in 
hydrophllic polymer, me y which binds to 

contacting cells JT^ovirus »" <»» 

the head portion of the tlber cell , the 

binding of the "synthetic virus ^ ^ 

polynucleotide contained in the syn 

transferred to the cell . mlV nucleotide which is to 

to a further embodiment, a P*^ 0 * ,, synt hetic 
b e transferred into a cell may be ° £ * £ , 

vector", wherein the polynucleotide is enclo 
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fusogenic layer of a fusogenic pH sensitive membrane 
destabilizing polymer. The at least a portion, preferably 
at least a portion of the head portion, and more preferably 
the entire head portion, of the fiber of an adenovirus of a 
desired serotype, is bound to the fusogenic pH sensitive 
membrane destabilizing polymer. Such a "synthetic vector" 
is useful especially for transferring polynucleotides to 
cells ex vivo or in vitro* For example, the "synthetic 
vector" may include the head portion of the fiber of 
Adenovirus 3, which is bound to the fusogenic pH sensitive 
membrane destabilizing polymer. The "synthetic vector" is 
employed in contacting cells which includes a receptor 
which binds to the head portion of the fiber of Adenovirus 
3. Upon binding of the "synthetic vector" to the cell, the 
polynucleotide contained in the "synthetic vector" is 
transferred to the cell. 

In accordance with yet another aspect of the present 
invention, there is provided an adenoviral vector of the 
Adenovirus 3 serotype which includes at least one 
heterologous DNA sequence. The at least one heterologous 
DNA sequence may be selected from those hereinabove 
described. Such adenoviral vectors may be employed in 
transducing cells, such as those hereinabove described, 
either in vivo f ex vivo, or in vitro, which include a 
receptor which binds to the head portion of the Adenovirus 
3. The vectors may be administered in dosages such as 
those hereinabove described. The vectors may be 

administered in combination with a pharmaceutical^ 
acceptable carrier, such as those hereinabove described. 
Thus, such vectors may be employed to treat diseases or 
disorders such as those hereinabove described. It is to be 
understood, however, that the scope of this aspect of the 
present invention is not to be limited to the transduction 
of any particular cell type or the treatment of any 
particular disease or disorder. 

Thus, in accordance with another aspect of the 
present invention, there is provided a method of 
transferring at least one polynucleotide into cells " by 
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, ctina the cells with a gene transfer vehicle which 
contacting the Dre ferably at least a portion 

includes at least a portion, preferably 

of the head portion, and -e prefer ab V the * n ^ 

port ion, of the ^^Zt\ Zion of the fiber 
re ceptor which binds to ^ ^st ^ ^ ^ 

of Adenovirus 3. TranS * 6 s . g effected through 
polynucleotide sequence into cells is 

binding of the ^J^J^ r ° e ^t Tinted to, 
gene transfer vehicles delude, Herpes 

the f ib er of J^^^jS to'be transferred 
encapsu at st least o„ e may encod at 

Uest one Jerapeutic a g ent such as those hereinsbove 
described. 

EXAMPLES 

Ih e invention now will be described with 
the followin, exiles; however, the scope of the present 
invention is not intended to be Limited thereby. 

Example 1 

Materials and Methods shutt le plasmid was 

mS^I^-li^-SlSSii- . "f j rlght hand 
constructed for homologous reco-brnatron at the r 9 

end of Adenovirus 5 based adenovrral ve«or^ Thr 
ro f P rred to as prepac, contains tne 

P ^ b to 34057 bp of the Ad d!327 (Thimmapaya, 
from 25171 bp to 3405 P ^ 

Cell, Vol. 31, pg- ^ supplied 

— T 4«t- qK II(+) (Stratagene) and was Kinoiy » w 

pBluescript SK II ( + ) I Gait hersburg, 

by Dr. Soumitra Roy, Genetic Therapy, contain ed 

•. ^ T hP wild type, Adenovirus 5 fiber emu* ^ 
Maryland. The wild typ , pcR 

within prepac was replaced Horton , et al ., 

— °'" laP e tr 1D 8 M s S2B-53 b 5 e ,„„, . rhe 5TS3H 

V fiber tail and shaft domains 
contains " . . , Adenovirus 3 

=>,--! 1 to 403) fused with the AaenoviJ.u 
(5TS; amino acias i l<j 



30 



t • 

* * - 4 T * ■ 

» 

WO 98/50053 PCT/US98/08570 

fiber head region (3H, amino acids 136 to 319) as described 
in Stevenson, et al., J. Virol Vol. 69, pgs. 2850-2857 
(1995), The 5TS3Ha cDNA was modified to contain native 3 r 
downstream sequences of the wildtype 5F cDNA. In addition, 
the last two codons of the Adenovirus 3 fiber head domain, 
GAC TGA were mutated to correspond to the wild type, 5F 
codon sequence, GAA TAA to maintain the Adenovirus 5 fiber 
stop codon and polyadenylation signal. The Adenovirus 5 
fiber 3' downstream sequences were added onto the 5TS3Ha 
cDNA using the pgem5TS3H plasmid (Stevenson, 1995) as 
template and the following primers: *P1:5'- 
CATCTGGAGCATGAAGCGCGCAAGACCGTCTGAAGATA-3 1 (scs4) and P2 : 5 1 - 
CGTTGAAACATAACACT^AACGATTCTTTATTCATCTTCTCTAATATAGGAAAAGGTAA- 
3 1 (scs 80), Overlapping homologous sequences were added 
onto prepac using the following primers: P3, 5 1 - 
TTACCTTTTCCTATATTAGAGAAGATGAATAAAGAATCGTTTGTGTTATGTTTCAACG- 
3» (scs 79) and P4, 5 1 -AGACAAGCTTGCATGCCTGCAGGACGGAGC-3 1 
(scs81) . Amplified products of the expected size were 
obtained and were gel purified. A second PCR reaction was 
carried out using the end primers, PI and P4 to join the 
two fragments together. The DNA fragment generated in the 
second PCR reaction contained the 5TS3Ha cDNA with the last 
two codons mutated to the wildtype 5F sequence and the 
appropriate 3 1 downstream prepac sequences. The 5TS3Ha PCR 
fragment was digested with Ndel and Sse838 7 and was cloned 
directly into prepac to create the fiber shuttle plasmid, 
prep5TS3Ha. 

Generation of recombinant adenoviruses. The modified 
5TS3Ha fiber cDNA was incorporated into the genome of 
AvlLacZ4, an El and E3-deleted adenoviral vector encoding 
p-galactosidase, and described in PCT Application No. 
W095/09654, published April 13, 1995, by homologous 
recombination between AvlLacZ4 and the prep5TS3Ha fiber 
shuttle plasmid to generate the chimeric fiber adenoviral 
vector referred to as Av9LacZ4. Human embryonic kidney 293 
cells (ATCC CCL-1573) were obtained from the American Type 
Culture Collection (Rockville, MD) and cultured in IMEM 
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containing 10% heat inactivated PBS WIPBS) . co- 
transfections of 293 ceils were carried out with 10 ,g of 
NotI -digested pre P 5TS3Ha and 1.5 * of S r«-di g ested 
" acz genomic » using a calcium phosphate mammalian 
transaction system (Promega Corporation, Madison, «D . 
^293 cells were incubated with the calcium phosphate, 
The 293 cells preclpltate „ as 

DNA precipitate at ^ ^ i Ui nhn . nhate 
removed and the monolayers were washed once w h phosphate 
offered saline (PBS, . The transfected 293 -olayers 

ift qpa Plaque agarose in MtJft 
„ere overlayered with U So ^ ^ ^ 

supplemented with 7.5% HI FBS, «i a 

penicilUn, 50 ,g/ml streptomycin suHate and 

Lhotericin B. Menoviral plagues ware rsolated after 

Proximately 14 days. Individual plagues were expanded 

approximately 14 * screened for the presence of 

genomic DNA was isolated and screeneo „„-, ic tion 

the chimeric fiber, 5TS3Ha cDN* using Sea 

enryme digestion and confirmed by ^ > " 

us ing the *d3 fiber head as probe. Positive ^ * ^ 

onhisrted to two rounds of plaque putxi. 

subijectea to Av9LacZ4 vector 

parental, AvlLacZ4 contamination. The Av^ac 
after two rounds of plaque purification was expanded and 
Trifled by conventional techniques using CsC 
Tt centrifuqation. The adenovirus titers (particles/ml) 
Z L^L spectrophotometries (Halbert et al 

ocn 9^7 (1985); Weiden,- et al., £ roc i 
SSSla, VOL 56, P9 s 50-257 , 93 a „ d compared 

HSS-SS*-^' V tuer (Pfu/ml, determined using 293 
uith the biological titer (P fu/ ^ ^ ^ ^ 

cell monolayers as aebtn^u . . , 

\ v 1 111 oas 7498-1509(1996). The ratio of total 

Sections Particles (particles/pfu, was 
P c ted. » was isolated from each vector and iges ed 

with oral Seal, °r EcoM and BamHI to confirm the identity 
of eacn Th schematic diagrams of Av9Lac Z 4 and parental, 
I , 4 vectors are shown schematics!!, in Pigure U 

Bxprossion of fiber construct, in 
described previously (Stevenson, 1995), the oac 
txpression system (Clontech, Palo Alto. CM was used, to 
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generate, fiber proteins for receptor binding studies. 
Recombinant baculoviral vectors were used which expressed 
either the Ad5 fiber or Ad3 fiber proteins. Spodoptera 

frugiperda cells (Sf21) were cultured as monolayers at 27°C 

in Grace's supplemented insect cell medium containing 10% 

HIFBS, 100 Units/ml penicillin, 100 jig/ml streptomycin 

sulfate, and 2.5 ^g/ml of amphotericin B. Large scale 
infections of Sf21 cells with each recombinant fiber 
baculovirus were carried out and fiber containing cell 
lysates were prepared as described (Stevenson/ 1995) . 

The Adenovirus 5 fiber protein was purified from the 
Sf21 cell lysates as described, previously (Stevenson, 
1995) . Briefly, the Adenovirus 5 fiber trimer was purified 
to homogeneity using a two step purification procedure 
utilizing a DEAE-sepharose column, and then a Superose 6 
gel filtration column equilibrated in PBS using an FPLC 
system (Pharmacia). Protein concentrations of the purified 
Adenovirus 5 fiber trimer and the insect cell lysates 
containing the Adenovirus 3 fiber (3F/CL) were determined 
by the bicinchoninic acid protein assay (Pierce, Rockford, 
IL) with bovine serum albumin (BSA) as the assay standard. 

The expression of fiber proteins was verified by 
sodium dodecyl sulfate (SDS)-4/15% polyacrylamide gel 
electrophoresis (PAGE) under denaturing conditions and 
Western immunoblot analysis. The proteins were transferred 
to a polyvinyl idene di fluoride (PVDF) membrane by use of a 
small transblot apparatus (Biorad, Hercules, CA) for 30 
minutes at 100 volts. After the transfer was completed, 
the PVDF membrane was stained transiently with Ponceau red 
and the molecular weight standards were marked directly on 
the membrane. Molecular weight standards used ranged from 
200 to 14 kDa (Biorad) . Nonspecific protein binding sites 
on the PVDF membrane were blocked using a 5% dried milk 
solution in 10 iriM Tris, pH7.4 containing 150 mM NaCl, 2 mM 
EDTA 0.04% Tween-20 for one hour at room temperature or 
overnight at 4°C. The membrane then was incubated for one 
hour at room temperature with a 1:10,000 dilution of 'the 
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,Honnvirus 2 fiber monoclonal antibody, 4D2-5 
primary ant 1 -Adenovirus z nue TT ^ vprs itv of 

. j j W\r nr J Enaler, University 
(ascites kindly provided by Dr. J. &ng 

14-v. ?n ..o/ml of a partially purified anti 
Alabama) or with 20 pg/tt P polyclo nal antibody 

Adenovirus 3 fiber specific rabbit poxyu 
Adenovirus baculo viral expressed Adenovirus 3 

generated against tne memb rane was 

fiber head domain (Stevenson, 1995). 

fiber head 1:10 ,000 dilution of the secondary 

developed with either a law. rtmpoi- 
sheep anti-mouse IgG horseradish peroxidase (HRPO) 
on ugated antibody (Amersham Lif esciences, Arlington 
r with a W000 dilution of donkey anti-rabbit IgG HRPO 
using an Enhanced chemiluminescence system (Amers a. 
Li fesciences) . The membrane was exposed to film 

approximately 3 to 60 seconds. spec ific 

Production of an anti -Adenovirus 3 fiber speci 
antiserum. The fiber head region of the Adenovirus 3 fiber 
antiserum. bacuio viral expression system as 

was expressed using the ^ iysate 

described (Stevenson, 199b) . 

• -a -FiVior- head was used ior 

— 9 *"T^ rabbits accord to 

"^'s L-^a L ads L td.. Caithersbur, 
stanoara pxu 4en -i a fpd and was applied to an 

The IgG fraction was isolated ana 

• rovalentlv bound insect cell 
affinity »1- ^~^t^ n £roB this affinity 
lysate proteins J»^™ ^reactivity against 
column was obtained and tested 5TS3H fibe r 
the Adenovirus 5, Adenovirus 3, and chimen 

proteins using »estern blot analysis. 

Competitive viral transduction assay. 
trooism of the recombinant adenoviruses was evaluated using 
tropism of the pres en=e of fiber protein 

a viral transduction assay in P 2) 

competitors. Monolayer o ^ He,a - ^ 

cultured in MEM with 10% HIEBS, 

and 100 ug/ml streptomycin sulfate contained in 12 well 
"shes were incubated with various dilutions of either 
purified Adenovirus 5 fiber trimer protein ,0.05 .g/ml up 
to 100 „,/*> or with an insect cell lysate containing the 
Adenovirus 3 fiber ,100 ^/ml up to 2000 m£» ~ « 
hour at 37°C in a total volume of 0.2 ml of DHEM, 2% HIFBS. 
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The chimeric fiber Av9LacZ4 or parental, AvlLacZ4 

adenoviral vectors were then added in a total volume of 5^1 
to achieve a total particle per cell ratio of 100 by 
-dilution of the virus into DMEM, 2% HIFBS . Virus 
transductions were carried out for 1 hour at 37°C. The 
monolayers were washed once with PBS, 1 ml of DMEM, 10% 
HIFBS. was added per well, and the cells were incubated for 

an additional 24 hours to allow for p-galactosidase 
expression. The cell monolayers then were fixed using 0.5% 
glutaraldehyde in PBS and then were incubated with 1 mg/ml 
5-bromo-4-chloro-3-indolyl-b-D~galactoside (X-gal), 5 mM 
potassium f errocyanide, 2 mM MgCl* in 0.5 ml PBS, The 
cells were stained approximately 24 hours at 37 °C. The 
monolayers were washed with PBS and the average number of 
blue cells per high power field were quantitated by light 
microscopy using a Zeiss ID03 microscope, three to five 
fields were counted per well. The average number of blue 
cells per high power field was expressed as a percentage of 
the control which did not contain competitor fiber protein. 
Each, concentration of competitor was carried out in 

triplicate and the average percentage ± standard deviation 
was expressed as a function of added competitor fiber 
protein. Each experiment was carried out three to four 
times and data from a representative experiment is shown. 

Cell Culture. The transduction efficiency of 

Av9LacZ4 and AvlLacZ4 was surveyed on a panel of human cell 
lines. HeLa, MRC-5 (ATCC CCL-171), FaDu (ATCC HTB 43), and 
THP-1 (ATCC TIB-202) cells were obtained from the ATCC and 
cultured in the recommended medium. Human umbilical vein 
endothelial cells (HUVEC, CC-2517) and coronary artery 
endothelial cells (HCAEC, CC-2585) were obtained from the 
Clonetics Corporation (San Diego, CA) and cultured in the 
recommended medium. Each cell line was transduced with the 
chimeric fiber Av9LacZ4 or the wild type, AvlLacZ4 
adenoviral vectors at 0, 10, 100, and 1000 total particles 
per cell for one hour at 37 °C in a total volume of 0.2 ml 
of culture medium containing 2% HIFBS. The cell monolayers 
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h , nnce W ith PBS and 1 ml of the appropriate 
were then washed once witn r 

• • ~ 1 n9- htfrs was added. inr x L - eii,J 
culture medium containing 10% HIFBS was 

^ t-he -indicated concentration of vector 

were incubated with the indicated culture 

v,„„r at- 37 °C in a total volume of 0.2 ml or cuxl 
for one hour at 37 i ^ Qf complete 

medium containing 2% HIFBS, 

^nt-ainina 10% HIFBS was added. Tne 

medium containing , . H ,. e 

• », r» A for 24 hours to allow for p-galactosidase 

incubated tor a fixed and 

The cell monolayers were then fixed 

expression. The ceil inC ubation of 

, • ~h ,Ht-h X-aal as described aoove. 
stained with X gal ^ ^ hours 

each cell line in the X gal sol und staining 

up to 24 hours depending on the amount g trangduction 

found in the mock infected wells. The percent 

a *.*m»ined bv light microscopy by counting the nun 
was determined by ng h h pQwer 

of transduced, blue cells per total cell 

field using a Zeiss ID03 microscope three to f i 

it F^rh vector dose was carueu 
uere counted P«-"^ ^ t „ nsduction per hi* 
triplicate end the average P ^ ^ 

power field (mean ± sd, n-3 wells, 

. . . function o£ added vector. Each ceri 
expressed as a ^ ^ ^ data represents 

was transduced at least t deviati on from 

the mean percent transduction ± standara 
three independent experiments. 



RESULTS of an adenovirus vector containing a 

COnS IT ne It was shown previously using chimeric 
chimeric fiber gene- . ^ ^ fchat 

fiber proteins expressed an vitro a 

^ c^rificitv of the adenovirus rioer y 
the receptor s P« cl£lC £* head domain with another 

u„ -,n-pred bv exchanging tne ncau 
can be altered oy Afferent receptor (Stevenson, 

serotype which recognizes a different * an 

^4-^ *n adenoviral vector parricie 
1M 5) . to generate an adeno ^ ^ 

altered receptor specr rcrtv t ^ ^ ^ 

containing ^ ^— ^ 3 «~ _ 
Adenovirus 5 fiber tail an For the pre cise 

within the adenoviral genome of AvlLac2 A 

* t-hA wild type Adenovirus 5 finer gene, 
replacement of th uhich contain ed the last 
shuttle plasmid was consuu 
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8886 bp of the Ad dl327 genome from 73.9 to 100 map units 
including the Adenovirus 5 fiber gene, E4 and the right 
ITR. This shuttle plasmid was used for incorporation of 
modified fiber genes into the backbone of an El and E3 
deleted adenoviral vector AvlLacZ4 via homologous 
recombination. This strategy replaces the native 

Adenovirus 5 fiber with the chimeric 5TS3H fiber sequences 
cloned within the prep5TS3Ha shuttle plasmid. The resulting 
vector, Av9LacZ4 contains the nuclear targeted p- 
galactosidase cDNA and the Adenovirus 3 fiber head domain. 
This approach will allow for any modification to the native 
fiber sequence to be incorporated within the adenoviral 
genome. 

Both the parental, AvlLacZ4 and the chimeric fiber 
Av9LacZ4 vectors are shown schematically in Figure 1. The 
Adenovirus 3 fiber head region introduces additional Dral 
and ScaJ restriction enzyme sites within the AvlLacZ4 
genome which were used to identify the recombinant virus. 
Plaques which yielded the predicted Dral and ScaJ 
diagnostic fragments as indicated in Figure 1A were 
selected and expanded. Genomic DNA isolated from the 
purified . chimeric fiber, Av9LacZ4 and the parental, 
AvlLacZ4 viruses was analyzed by restriction enzyme 
digestion and agarose gel electrophoresis (Figure IB) . The 
expected DNA fragments were obtained for both the Av9LacZ4 
and wild type, AvlLacZ4 viruses. Diagnostic 18.4 and 3.2 kb 
fragments were found after Seal digestion of the Av9LacZ4 
genomic DNA (Figure IB, lane 4) indicating the presence of 
the Adenovirus 3 fiber head domain. Dral restriction 
endonuclease digestion of Av9LacZ4 also confirmed the 
presence of the Adenovirus 3 fiber head domain as indicated 
by the 8.0 and 2.8 kb diagnostic fragments (Figure IB, lane 
5) . EcoRI and BamHI digestion produced an identical 
restriction pattern for both vectors as expected (Figure 
IB, lanes 3 and 6) . Southern blot analysis using the 
Adenovirus 3 fiber head probe demonstrated the expected 
hybridization pattern for all restriction endonuclease 
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dig estions for hoth vectors (Figure 1C, . The 18 4 - ,32 
Jscl and the 8.0 and 2.8 D ral °^° S " C probe 

„ ir lane 6). Southern blot analysis 
detected (Figure 1C, lane 6) 

the Adenovirus 5 fiber head probe data no 
demonstrated the expected hybridization J^e 
AvlLacZ4 and confirmed that the chimeric fiber av 
AvlLacZ4 ana parental, AvlLacZ4 virus, 

virus preparation was free or P Darticles containing 

4.«vi 7 a Hon of adenoviral parncieo 

examined by »estern Blot analysis of CsO .J f ° 
stocks. An equivalent nu*er of the parental < 

/n,rQTarZ4i particles were subDectea to 
and chimeric (Av9LacZ4) pa x virUS 

cnc parr under denaturing conditions. 

SDS PAGE under ^ ^ analyzed . 

containing a full length ^ ^ ^ ^ 

Western — 4D2 _ 5 (Figure 2A) and a rabbit 

fiber monoclonal antibody, 

polyclonal antibody specific for the Ad if 

The 4D2-5 antibody recognizes a con* 
(Figure B) The 4D2 ^ domain of the 

epitope located within the ^ 
fib er protein (Hong, et al , 5 {5F) and 

4727 (1995)) and reacts with both tne ^ae 

4727 lis* i pr oteins (Stevenson, 1995). As 

the Adenovirus 3 (3F) P ^ ^ 

shown in Figure 2K J*. A approX imately 62 

(lane 2) viruses contain fiber MP ^ 
to 63 kDa which react with the 

■* fiber virus contains a fiber pxu 
Adenovirus 3 fiber vir presence of 

• 4- i« IcDa (Figure 2A, lane 3). ine 
approximately 35 Jcua irxyu ... , the 5XS3H 

. „ -a fiber head (3FH) domain within tne 
T «as conned hy western Blot analysis usin. 

Polygonal antihody specific for th .denovrrus 

,KKit- anti-3FH polyclonal antibody did not 
fiber. The rabbit anti Jtn v y Ru i Lac Z4 and was 

^ „,r4rn<; 5 fiber protein in AvlLac-^ 
to the Adenovirus 5 noe * pro tein in the 

-F^r the 35 kDa, Adenovirus 3 fiber proue 
specific for the n k / Adenovirus 3 

(Pi mire 2B, lane o) ana 
control virus (Eigure 
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fiber head domain contained within the chimeric 5TS3H fiber 
protein in Av9LacZ4 (Figure 2B, lane 5) . 

The biological titers and particle numbers of the 
chimeric fiber (Av9LacZ4) and parental (AvlLacZ4) 
adenoviruses were compared. Biological titers determined 
using 293 cell monolayers indicated plaque forming titers 
of 2.6 and 4.5 x 10 10 pfu/ml for the AvlLacZ4 and Av9LacZ4 
viral preparations, respectively. The total particle 
concentrations were determined spectrpphotometrically and. 
were 1.45 and 1.25 xlO 12 particles/ml for AvlLacZ4 and 
Av9LacZ4, respectively. Thus, the ratio of particle number 
to pfu titer was similar, for both viruses, 55.8 versus 27.8 
total particles/pfu, respectively. An increased ratio of 
particle number to infectious titer has previously been 
reported for Adenovirus 3 compared to Adenovirus 2 (Defer, 
et al., , J. Virol. , Vol. 64, pgs. 3661-3673 (1990)); 
however, the replacement of the Adenovirus 5 fiber head 
domain with the Adenovirus 3 fiber head domain did not 
adversely affect the cellular production of the adenovirus 
containing the chimeric fiber protein or significantly 
change the ratio of total physical to infectious particles. 

Receptor binding specificity of the modified fiber 
adenovirus. To evaluate the receptor binding properties of 
the chimeric fiber vector compared to the native Adenovirus 
5 fiber vector, transduction experiments were carried out 
in the presence of recombinant fiber protein competitors. 
Cells were preincubated with purified Adenovirus 5 fiber 
protein or with an insect cell lysate containing the 
Adenovirus 3 fiber protein prior to transduction with the 
chimeric fiber or native Adenovirus 5 fiber vector. Figure 
3 shows the results of transduction experiments in which 
HeLa cells were incubated with increasing amounts of 
Adenovirus 5 fiber protein (Figure 3A) or with the 
Adenovirus 3 fiber competitor (Figure 3B) prior to 
transduction with the Av9LacZ4 or AylLacZ4 vectors. 
Transduction of HeLa cells with AvlLacZ4 decreased with 
increasing amounts of Adenovirus 5 fiber trimer protein, 
with maximal competition occurring between 0.1 to 1.0 
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*«.,t the purified Adenovirus 5 fiber trimer 
^g/ral. In contrast, the pun ^ 

did not block the transduction of the Av 

Thpse results confirm tnat tne 
fiber adenovirus. These resu ^ 

s „ 1Tar7 /i and Av9LacZ4 chimeric fxber v-cw& 
type, AvlLac- and s> xhis conclusion was 

j;ff 0 yDni- rell surface recepuuj.£>- 

Afferent cell expe riment shown in Figure 3B. 

supported by the «cxp Aden0 virus 3 fiber 

Tnrrpasina concentrations 01 l«c 

increasing Av9LacZ 4 transduction of HeLa 

721 but r orUuence transduction with the wild 
S£ ^4 vector. The r= betwe :eci the 
Adenovirus 3 fiber competitor and Av 9LacZ4 
since control experiments carried out with insect 
ivsates which did not contain the Adenovirus 3 fxber 
lysates whi cornpe tition (data not shown) . 

protein did not result . * uc , ion of HeLa cells by 
These results indicate that transduction 

A v9LacZ4 is mediated oy the chimeric fiber protein ^ 

- «H«-h the Adenovirus 3 receptor. Thus, 
■ interacts with the M r has 

fiber vector. Because r relatively 

•3 rorpntors is unknown, tneie 
Adenovirus 3 receptors x=> cellular 

a , r =nable concerning their 

little information available differential 

t+- was hvpothesized tnat uj-j-j. 
distribution. It was ny F „ Hl -n- 3 receptors 

4= thp Adenovirus 5 and Adenoviruo J -ecep 
expression of the Adenovi reflec ted in the 

on different human cells might be ^ 
differential transduction by the P™-£ transduction 
chimeric fiber, Av.9LacZ4 vectors. The 

Ho6 of a r-omber of human ceil lines oy 
properties of a nmoo included 
vectors was investigated. Several ce.1 Ixnes 
which had been identified as negative for Adeno 

i ..virus raptor binding (Haung, et al., o_. 
fib er adenovirus * stevenson , 1995) 

^ rectory tc Av 1L acZ4 infection (unpublished data) . 
Tens rioted with the chimeric "^T^ 
the wild type, AvlLacZ4 adenovirus at particle 
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ratios of 0, 10, 100, and 1000 in a total volume of 0.2 ml 
of culture medium. 24 hours later the cells were stained 
with X-gal as hereinabove described. Shown in Figure 4 are 
representative photographs of the AvlLacZ4 and Av9LacZ4 
transduction of HeLa cells (Fig. 4A and 4B) , MRC-5, a human 
embryonic lung fibroblast cell line (Fig. 4C and 4D) , and 
FaDu, a human squamous cell carcinoma line (Fig, 4E and 
4F) monolayers at the 1000 virus particles per cell dose. 
Both vectors transduced HeLa cell monolayers with similar 
efficiencies. In contrast, differential transduction of 
the MRC-5 and FaDu cell lines was found. Both the MRC-5 
and FaDu cells were relatively refractory to AvlLacZ4 
transduction but were readily transduced with Av9LacZ4. 

The percent transduction of each cell line was 
quantitated and the fraction of HeLa, MRC-5, and FaDu cells 
transduced as a function of dose is shown in Figure 5. 
HeLa cells (Fig. 5A) were equally susceptible to 
transduction with both vectors indicating that both the 
Adenovirus 5 and Adenovirus 3 receptors are present on the 
cell surface. The MRC-5 (Fig. 5B) human embryonic lung 
cell line was efficiently transduced with the chimeric 
fiber, Av9LacZ4 vector. The percent transduction with 
Av9LacZ4 was dose dependent with approximately 80% 
transduction at the vector dose of 1000. Less efficient 
transduction of MRC-5 cells with AvlLacZ4' was observed 
suggesting that these cells either lack or express low 
levels of the Adenovirus 5 receptor. In contrast, the 
Adenovirus 3 receptor appears to be abundant on this cell 
type. The FaDu cell monolayers (Fig. 5C) were also 
transduced more efficiently with Av9LacZ4 with 75% of the 
cells transduced at the vector dose of 1000 compared to 
only 7% transduction achieved with AvlLacZ4 at the same 
vector dose. 

The transduction of a number of additional human cell 
lines were compared using AvlLacZ4 and Av9LacZ4 . Figure 6 
summarizes data for each of the cell lines examined at the 
virus particle per cell ratios of 100 (Figure 6A) and 1000 
(Figure 6B) . The cell lines assessed in addition to the 
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n linpc? included HDF, human 
HeLa MRC-5, and FaDu cell lines lncxuaeu 

a P id fibroblasts, THP-1, human oocytes,. HUVEC, human 
JLlical vain endothelial calls; and HCAEC, human coronary 
art ery andotbalial calls. Carls were infected «it. « 
or AvlLacZ4 adanoviral vectors at particla per eel ratio 
of 100 and 1000 and 24 hours later wara starned with X-gal 
as harainabova described. The traction of transduced calls 
for each cell line at the indicated vector dose was 
determined. As shown previously, Hala cells were transduced 
.t eguivaient levels using both adenoviral -tors wh 
HDF cells were refractory to AvlLacZ4 as well as Av9LacZ4 
transduction. HDF cells are negative for Adenovirus 5 
fi ber binding indicating that these cells lac* or expre s 
X« levels of the Adenovirus S receptor '"on^ 199 K 
The transduction data presented in Figure 6 or HDF cells 
suggests that thasa cells lack or express low levels of the 
Adenovirus 3 receptor as well . 

This analysis identified several human cell lines 
wh ich were transduced differentially by the parental. 

•~ f ;K 0 r AvQLacZ4 vectors. °/ 
A vlLacZ4 and the chxmerxc fiber Av9LacZ 

FaDu, and THP-1 cells were effxciently infeCted 
recombinant vector containing the Adenovxrus 3 fxber head 
I a dose dependent manner (Pig- 6* and « ? sug^stxn 
that the Adenovirus 3 receptor is more abundant ^ the 
Adenovirus 5 receptor on these cell types At the vecto 
dose of 1000 particles per cell approxxm ately 45% of the 
HCAEC cells were transduced with the wxld type fxber 

„„ while only 7.3% were transduced wxth the 

AvlLacZ4 vector whxle only . , 

chimeric fiber Av9LacZ4 vector. Venous endothelial cells 

• lDn fi« transduced with both vectors. 
(HUVEC) were equivalently transaucea 

„ in transduction of arterial and venous 
endothelial cells with AvlLac.4 and Av 9L acZ4 reveals the 
differential expression of the Adenovirus 3 and Adenovirus 
5 receptors on cells derived from different regions of the 
vasculature. These data taxen together demonstrate , th. 
differential expression of the Adenovirus 5 and Adenovirus 

n 1-ir.oQ Hprived from target tissues 
3 receptors on human cell lines derivea 

which are of potential clinical relevance. 
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DISCUSSION 

A major goal in gene therapy research is the 
development of vectors and delivery systems which can 
achieve efficient targeted in vivo gene transfer and 
expression. Vectors are needed which maximize the 
efficiency and selectivity of gene transfer to the 
appropriate cell type for expression of the therapeutic 
gene and which minimize gene transfer to other cells or 
sites in the body which could result in toxicity or 
unwanted side effects. Of the viral vectors under 
investigation for in vivo gene transfer applications, the 
adenovirus system has shown considerable promise and has 
undergone extensive evaluation in animal models as well as 
early clinical evaluation in lung disease and cancer. A 
key feature of adenovirus vectors is the efficiency of 
transduction and the resulting high levels of gene 
expression which can be achieved in vivo* This is derived 
from the ability to prepare high titer stocks of purified 
vector and from the remarkable efficiency of each of the 
steps in the adenoviral entry process leading to gene 
expression (Greber, et al., Cell , Vol. 75, pgs. 477-486 
(1993).) . Attachment of adenovirus particles to the cell is 
mediated by a high affinity interaction between the fiber 
protein and the cellular receptor (Philipson, et al. J . 
Virol. , Vol. 2, pgs. 1064-1075 (1968)). Following binding, 
virion entry into many cell types is facilitated by an 
interaction between RGD peptide sequences in the penton 
base and the <x v t>3 and a v ^5 integrins which act as co- 
receptors (Wickham, et al., Cell , Vol. 73, pgs. 303-319 
(1993)). In the absence of the high affinity interaction 
of the fiber protein with its receptor, viral binding and 
transduction can still occur but with reduced efficiency. 
This fiber independent binding and transduction is believed 
to occur via a direct association between the penton base 
and cellular integrins (Haung, 1996) . As the first step in 
the cellular transduction process, the interaction between 
the fiber protein and the cell is an attractive and logical 
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target for controlling the cell specialty of transduction 
by adenoviral vectors. It has been shown that the ; receptor 
binding domain of the fiber protein resides wrthin the 
trimeric globular head domain (Henry, et al., J. Virol ,, 
vol. 68, pgs. 5239-5246 (1994); Louis, et al., J. VirojU . 
vol. 68, pgs. 4104-4106 (1994); Stevenson, 19951. The 
interaction of the fiber head domain with its receptor thus 
determines the binding specificity of adenovi ruses_ 

i ^-f -i-Vio fiber head domain 

Consequently, manipulation of the fiber ne 

represents an opportunity for control of the cell 
specificity of transduction by adenovirus vectors. 

in order to test this concept experimentally, 
advantage was taken of the fact that adenoviruses of the 
group B and group C serotypes bind to different cellular 
receptors (Defer, 1990; Mathias, et al., J. Virol , Vol. 
6 pgs. 6811-6814 (1994); Stevenson, 1995). Chimeric 
fi ber proteins were prepared which exchanged the head 
domains of the Adenovirus 3 and Adenovirus 5 fiber 
proteins. Cell binding and competition studies with the 
recombinant chimeric fiber proteins confirmed the 
the fiber head domain in receptor binding and showed that 
an exchange of head domains resulted in a corresponding 
change of receptor specificity between the Adenovirus 3 and 
Adenovirus 5 receptors (Stevenson, 1995). In the present 
study, we have extended this analysis by the construction 
of an Adenovirus 5 based adenoviral vector, Av9LacZ4 which 
contains the fiber head domain from Adenovirus 3 The 
fiber modified vector was prepared by a gene replacement 
strategy using the p-galactosidase expressing vector 
A vlLacZ4 as a starting point. A plasmid cassette 
containing the Adenovirus 5/Adenovirus 3 chimeric fiber 
gene, 5TS3H was used for homologous recombination with the 

9 ^ r v, e nrecise substitution of 

AvlLacZ4 genome resulting in the precise sud 

the Adenovirus 5 fiber gene with the chimeric fiber gene 

containing the Adenovirus 3 fiber head to generate 

A v9LacZ4. Following plaque purification, molecular 

analysis of the recombinant vector genome provided 
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confirmation of the fiber gene replacement in the vector. 
Western Blot analysis of purified vector particles using an 
antiserum specific for the Adenovirus 3 fiber verified the 
expression . and assembly of the chimeric/ 5TS3H fiber 
protein into functional adenoviral particles. The changed 
receptor specificity of the Av9LacZ4 chimeric fiber vector 
was confirmed by competition with recombinant fiber 
proteins which showed that transduction of 293 cells was 
effectively blocked by soluble Adenovirus 3 fiber but not 
by Adenovirus 5 fiber. This data confirms previous results 
obtained from binding experiments with recombinant fiber 
proteins and extends the analysis to intact adenovirus 
particles. Furthermore, the changed receptor specificity 
of the Av9LacZ4 vector establishes experimentally that the 
tropism of adenovirus vectors can be altered by 
manipulating the head domain. 

The titer, yield, and ratio of physical to infectious 
particles of the fiber chimeric vector Av9LacZ4 and the 
parental Adenovirus 5, AvlLacZ4 vector were similar, thus 
indicating that the fiber head exchange did not alter 
significantly the growth properties of the vector on 293 
cells. It has been reported that the infectivity of 
Adenovirus 3 is significantly less than that of Adenovirus 
5, with Adenovirus 3 having a particle to PFU ratio 
approximately 20 times that of Adenovirus 5 (Defer, 1990) . 

The similar infectivity of the Av9LacZ4 vector to the 
parental, AvlLacZ4 vector shows that the efficiency of 
entry of an Adenovirus 5 based vector via either the 
Adenovirus 5 or Adenovirus 3 receptor is similar. This 
suggests that the differences in the infectivity between 
Adenovirus 5 and Adenovirus 3 are not due to the use of a 
different receptor for binding and must reflect other 
differences between the two serotypes. The finding that 
the infectivity of the AvlLacZ4 and Av9LacZ4 vectors in 293 
cells is similar leads to the important conclusion that the 
binding specificity of adenovirus vectors can be completely 
changed without affecting adversely the subsequent steps in 
entry and disassembly of the vector particles leading to 
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nuclear gene delivery and expression. The implication of 
^result is that the function of the fiber 
primarily to promote efficient cellular attachment and that 
ce Tentry is an independent event which is not necessarily 
Z nit on the molecule used for attachment. Therefor 
« should be possible to modify the fib er ^nJJ 
promote vector attachment to a range of drfferen cell 
surface molecules without compromising the abUrty of the 
vector to enter the cell . This conclusion is supported by 
I recent report of a fiber modified adenovirus 
to ubiguitously expressed cell surface proteoglycans and as 
„ result has an extended cell tropism (Urckham, et al., 
y^^nSXa* -I. 14, pgs. 13,0-13,3 <1996n 
^^^T^possible to cons truct other denov us 
vectors containing fiber proteins modified to contarn 
Uganda for cellular receptors which are expressed rn 
cell specific manner and as a result to achieve cell 

selective transduction. 

* -infraction between the riser 

The importance of the interaction 

protein and the cellular fiber receptor for adenovirus 

activity is underscored by the -fact that blonde o 

this interaction by soluble fiber protein results in 

efficient inhibition of . transduction (Figure , 3). 

Furthermore, cells which lac, or express low levels of the 

cellular fiber receptor are inefficiently transduced and 

hh levels of input vector are needed to achieve gene 

I fer (Hauna 1996) . Recent clinical experience with 
transfer (Haung, 199 , f ibrosis lung 

adenoviral vectors in the treatment J resistance of 
disease has revealed a previously unsuspectea 

sn airwav cells to transduction by Adenovirus 5 based 
human airway cej.j-=> ^ ono-anfi 
,rrub et al., Nature, Vol. 371, pgs. 802-806 

vectors (Grur>, ax,/ « n0 n 

(19M) , Zabner, et al. J". Virol- vol. 70, pgs. 6594-7003 
(1 996, > . It has been proposed that patterns of expressron 
of both the a v integrins and the fiber attachment receptors 
may he involved in limiting transduction of human airway rh 
vivo (Goldman, et al., J. Virol,. Vol. 69, pgs 5931-3938 
uHs) ; zabner, 1996) . Evidence for a correlation between 
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the level of ot v integrin expression on human pulmonary 
epithelial cells and the efficiency of adenoviral vector 
transduction supports this hypothesis (Goldman, 1995) . 

The distribution of the Adenovirus 5 fiber attachment 
receptor on primary human cells is poorly characterized, 
largely due to the fact that its identity is unknown; 
however, it is increasingly clear that many human cell 
lines and a number of primary cells are refractory to 
transduction by Adenovirus 5 based vectors due to low 
levels or absence of the Adenovirus 5 fiber receptor. As 
noted previously, the Adenovirus 3. fiber receptor, while 
also as yet unknown, is clearly distinct from the 
Adenovirus 5 fiber receptor. Consequently, if differences 
in the pattern of expression of the two receptors exist, 
this should be reflected in a differential transduction 
efficiency by vectors which attach to either the Adenovirus 
5 or Adenovirus 3 fiber receptors. In support of this 
hypothesis, several human cell lines have been identified, 
which were inefficiently transduced by the Adenovirus 5 
vector, AvlLacZ4 and which could be transduced more 
efficiently by the chimeric fiber, Av9LacZ4 vector. These 
include a. human head and neck tumor line FaDu, a human lung 
epithelial cell line MRC-5, and a human monocytic cell line 
THP-1. Transduction of HeLa cells and human umbilical vein 
endothelial cells (HUVEC) was equally efficient with both 
vectors. In contrast, human coronary artery endothelial 
cells (HCAEC) were more efficiently transduced by the 
AvlLacZ4 than by Av9LacZ4 . Because the only difference 
between the two vectors is the identity of the fiber head 
domain, the differences observed in transduction are fiber 
dependent and must be a result of the differential 
expression of the two fiber receptors. The overlapping but 
distinct cellular distribution of the fiber receptors for 
Adenovirus 5 and Adenovirus 3 which is revealed by these 
results will likely be of practical value in designing 
vectors for transduction of specific human target cells. 
For example, the results obtained with the THP-1 cell line 
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.„ that q ene transfer to the monocyte/macrophage 
suggests that gene ^.^ ^ 

linaqe will be more e^^. 

■ * receotor tropism than that of Adenovirus 5. 

/ells, monocytes, T-l W hocytes, and THP-1 ells «• 
refractory to adenoviral vector transductron due to an 
reiractory u . , fihpr receptors and were 

apparent lack of Adenovirus 5 fiber recep 

, f u^h doses of input Adenovirus 5 vector 
transduced only at h * d sea P ^ 

rr* * ° £ — ^es wit, 

Haung, b useful in 

t-he Av9LacZ4 vector suggests that it may 
the Av9LaC the treatm ent of cardiovascular 

designing strategies j-uj. i s 
disease and atherosclerosis by targeting macrophage cells 
t vessel wall lesions. Similarly, the FaDu cell data 
in vessel wan transduced more 

indicates that certain tumor cells win . - LacZ4 

effectively with the Av9LacZ4 vector than with AvlLacZ4. . 
• The ability to modify adenoviral vectors to improve 

The acuity inrrpase the efficiency of 

or enable transduction will increase the 
adenoviral-mediated gene transfer. Modifications to the 
d noviral fiber protein such as the head replace- 
strategy described in the present study is an approach 
whi ch can lead to highly selective **""^J?J^ 
cells. Head domains from other fiber proteins can be used 

instruct chimeric fibers which target - -tors t 
aitemative adenoviral receptors 
HiffPrences in the tropism of different 

™ Kovel fiber proteins can also be constructed by 
replacLent of the fiber head domain with other trrmerrc 

elnl fusion of peptide seances onto the Menoviru . 
fiber C-terminus (Michael, et al., Gene ine __, ... , ■ 

fo-66B ,1995, , or addition of peptide Uganda -thru 
exposed loop regions of the fiber head domain Xra, et al., 

„ -i ? nas 1259-1270 (1994)). mese 
91-ructure, Vol. 2, pgs> . 
Structure , deve lopment of customized 

strategies will lead to tne r .„i-4 r ce n 

adenoviral vectors which selectively target specrfrc cell 

types . 

Example 2 

1 ^ i _ i ^Jjj^ L nf Him carcinoma cell lines 
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' The A549 lung carcinoma (ATCC No. CCL-185) , H23 lung 
adenocarcinoma (ATCC No. CRL-5800) , H358 ■ lung 
bronchiolalveolar carcinoma (ATCC No. CRL-5807), K441 lung 
papillary adenocarcinoma (ATCG No. HTB-174), and H4 60 lung 
large cell carcinoma cell lines (ATCC No. HT3-177) were 
transduced with AvlLacZ4 or Av9LacZ4 at 100 or 1,000 
particles per cell according to the procedure of Example 1* 
Transduction data are given in Table I below. 

Table I 



Cell Line 


Av9LacZ4 
particles/cell 

■ 


t 

AvlLacZ4 
particles/cell 




100 


1,000 


100 


1,000 


A549 


++ 


+ +++ 


-/+ 


+ + + 


H23 


4-4. + 


+++ 


+++ 


+++ 


H358 


+++ 


+++'+ 


-/+ 


++ 


H441 


++ 


++++ 


■-/+ 


-/+ 


H460 


+++ 


++++ 


++ 


+++ 



-/+ 0-25% transduction 
+4 25-50% transduction 
++* 50-75$ transduction 
++++ 75-100* transduction 



The above data . suggests that an adenoviral vector 
•having a head portion from an Adenovirus 3 fiber can be 
employed for the transduction of lung carcinoma cells, and 
for the treatment of lung cancer. 



Example 3 

Transduction of lymphoma and leukemia cells 
U937 human histiocytic lymphoma ' cells (ATCC CRL-1593) 
were transduced with AvlLacZ4 or Av9LacZ4 at 100 or 1,000 
particles/cell as described hereinabove in Example 1. Each 
experiment was carried out in triplicate, and the mean 
percentage of transduced cells was determined. No 
transduction was 'observed of U937 cells contacted with 
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AvlL acZ4 at ,00 particles,cell, an, onl y 0 » > "auction 



of 



U937 cells was observed at 



1,000 AvlLacZ4 

particles/cell. M contrast, there was 3.41 ± 1.0% 
transduction of U937 cells with Av9Lac 2 4 at 
pertides/cell, and 9.2% ± 0.4% transduction or U937 cells 
with Av9LacZ4 at 1,000 particles/cell. 

m another expert, K562 human chronic ^elogenou 
leukemia cells (ATCC CCL243, were "ansduced -th Av Lac 4 
or Av9LacZ4 at a multiplicity of infectxon (MOD of 10 50, 
or 100 according to the procedure of Example 1. 
Transduction results are given in Table II below. 

Table II 



MOI 


Av9LacZ4 


MOI 


AvlLacZ4 




++ 


10~ 


-/+ 


10 








50 


++ 


50 


++++ 






++++ 


100 


+++ 


100 





-/+ 0-25% transduction 
++ 25-50% transduction 
+++ 50-75% transduction 
++++ 75-100% transduction 

^■t- *rn human bone marrow, acute 
in another experiment, KG1 numan uu 

i ,v^ a cells (ATCC CCL246) were transduced 
S.^* a .uitiplicit, of infection of 
S 10 100, 500, or 1,000 according to the procedure of 
Li£e 1. Transduction data are given in Tahle III below. 



Table III 





Av9LacZ4 


(MOD 




5 


++ 


10 


+++ 


100 


N/A 


500 


+++ 


1,000 


N/A 



AvlLacZ4 



(MOI) 
5 

10 
100 
500 
1,000 



-/+ 
-/+ 
-/+ 
N/A 

-/+ 



-/+ 0-25% transduction 



50 
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++ . . .25-50% transduction 
+++ 50-75% transduction 
++++ 75-100% transduction 

The results of the experiments in this example 
suggest that an adenoviral vector having a head portion of 
the fiber of Adenovirus 3 may be employed in the treatment 
of leukemias or lymphomas. 

Example 4 

Transduction of human smooth muscle cells 
HISM human intestinal jejunum smooth muscle cells 
(ATCC CRL-1692) were . transduced with AvlLacZ4 or Av9LacZ4 
at 10, 100, or 1,000 particles/cell according to the 
procedure of Example 1. Each experiment was carried out in 
triplicate, and the percentages of transduced cells (mean 
+/- standard deviation) are given in Table IV below. 



Table IV 



Particles/cell 


Av9LacZ4 


AvlLacZ4 


10 


13.5+/-1.8 


0.1+/-0.1 


100 


74.3+/-2.7 


0.5+/-0.5 


1,000 


99.0+/-3.8 


7.0+/-0.8 



The above results suggest that an adenovirus having a 
head portion of the fiber of Adenovirus 3 may be employed 
in the transduction of smooth muscle cells, such as smooth 
muscle cells of the digestive system or of the vasculature, 
and thus such adenoviruses may be useful in the treatment 
of a variety of disorders, such as the treatment of 
restenosis or of vascular -lesions. 

Example 5 

Transduction of human aortic smooth muscle cells 
Human aortic smooth muscle cells (Clonetics) were 
transduced with AvlLacZ4 or Av9LacZ4 at 10, 100, or 1,000 
particles/cell according to the procedure of Example 1. 
Each experiment was carried out in triplicate, and the 
percentages of transduced cells (mean +/- standard 
deviation) are given in Table V below. 

Table V 
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Particles/cell 



1,000 



Av9LacZ4 




2.5 +/- 1.1 
11.2 +/- 3- 3 



43.8 +/- 5.8 



AvlLacZ4 



0 +/- 0 



0.63 +/- 0 



0.34 +/- 0.1 



The above data suggest that an adenoviral vector 
having the head portion of the fiber of Adenovirus 3 may be 
employed in the treatment of restenosis following 
angioplasty for the transduction of vascular smooth muscle 
cells for the delivery of a therapeutic transgene for the 
inhibition of smooth muscle cell proliferation. 

Example 6 

The procedure of Example 5 was repeated, except that 
the human aortic smooth muscle cells were transduced with 
AvlLacZ4 or Av9LacZ4 in amounts up to 10,000 
particles/cell. The percentages of transduced cells were 
determined, and the results are shown in Figure 7. 

The data shown in Figure 7 indicate that 
significantly improved transduction of human aortic smooth 
mU scle cells is obtained with Av9LacZ4, as compared with 
AvlLacZ4, in amounts up to 10,000 particles/cell. 

Example 7 

Transduction of hum an, pig, and 
rat aortic smooth mus cle cells 

The procedure of Example 5 was repeated, except that 
human aortic smooth muscle cells (HASMC) were transduced 
with AvlLacZ4 or Av9LacZ4 at 1,000 particles/cell, pig 
aortic smooth muscle cells (PASMC) were transduced with 
AvlLacZ4 or Av9LacZ4 at 1,000 pM *±cl«./«»lX «r 5^000 
particles/cell, and rat aortic smooth muscle cells (RASMC) 
were transduced with AvlLacZ4 or Av9LacZ4 at 1,000 
particles/cell. The percentages of transduced cells were 
determined, and the results are shown in Figure 8. The 
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data shown in Figure 8 suggest that, because similar 
percentages of transduction of pig aortic smooth muscle 
cells are achieved with AvlLacZ4 and Av9LacZ4, that the pig 
may be an acceptable animal model for studying the 
treatment of vascular disorders such as, for example, 
restenosis, by. administration of an adenoviral vector 
having the head portion of the fiber of Adenovirus 3 and a 
therapeutic transgene. 

Example 8 

The adenoviral vectors AvlLacZ4 and Av9LacZ4 were 
prepared as hereinabove described in Example 1 . Biological 
and spectrophotometric titers were determined as described 
in Mittereder, 1996 

Biological titers determined with 293 cell monolayers 
indicated plaque forming titers of 2.6xl0 10 and 4.5xl0 10 
pfu/ml for AvlLacZ4 and Av9LacZ, respectively* The total 
particle concentrations were determined 

spectrophotometrically and were 1.45xl0 12 and 1.25x10" 
particles/ml for AvlLacZ and Av9LacZ, resulting in ratios 
of total particle number to pfu of 55.8 and 27.8, 
respectively. 

Cell Culture . The transduction efficiency of 

Av9LacZ4 and AvlLacZ4 was surveyed with a panel of human 
head and neck squamous cell carcinoma lines. FaDu (human 
pharynx squamous carcinoma: ATCC HTB 43), Hep-2 (human 
epidermoid larynx carcinoma, ATCC CCL-23) SCC4 (human 
tongue squamous cell carcinoma, ATCC CRL-1624) , SCC9 (human 
tongue squamous cell carcinoma, ATCC CRL-1629) , SCC15 
(human tongue squamous cell carcinoma, ATCC CRL-1623), and 
SCC25 (human tongue squamous cell carcinoma, ATCC CRL-1628) 
were obtained from the American Type Culture Collection and 
cultured in the recommended medium. JSQ-3 cells were 
derived from a human nasal vestibule carcinoma and were 
obtained from Dr. Esther Chang, Georgetown University 
Medical Center. JSQ-3 cells were cultured, in the 
recommended medium. 
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Adenovirus Transduction. £^JZJZ 

— **JT? 10. Too " 2 000, S000, or 

* n 9ml of culture medium containing 2% heat: 
total volume of 0.2ml or cuuuic +.<«?«me 
lOLdi /utttpcm nsina 12 well tissue 

fa j fatal calf serum (HIFBb) us my 
^activated fetal ca ^ ^ ^ 

culture dishes, the viru comp iete 
monolayers were washed with PBS and then 

• -i^or in* HIFBS was added, me 
culture medium containing 10% HIFBS ^„ aidase 
■ h^.d for 24 hours to allow for p-galactosidase 
„ere rncubated for ^ ^ ^ 

expression The ce ^ a5 

percentage transduction vi rology , 
described previously. (Stevenson, et al., £_^__S- 
, -71 MS 4782-4790 (1997) . Briefly, the ceil 

\ were fixed with 0.5% glutaraldehyde in PBS, and 

monolayers were fixed wi 5 -bromo-4- 
then were incubated with a mixture of 9 

chl oro-3-indolyl- P -D-galactoside (X-gal) J" 

and 2 mM MgCl 2 in 0.5 ml of PBS. 
potassium f errocyamde, and 2 mM J 

m , nnlauprs W ere washed with PBS ana tne 

The mono layers we ^ by 

of blue cells pe ^ P microscope ; three to 

light microscopy with a Zeiss iu 

^. ,,-=r-o rounted per well and eacn vxj-uo 
five high power fields were counted P t 

rarried out in triplicate. « 
concentration was carried rarried out for each 

three independent experiments were carried 



cell line. 



previous examples have demonstrated the efficient 
The previa human harynx 

tran sduction of the r - U nne^ ^ ^ ^ 

squamous cell carcinoma ^ M3 

contains a chimerrc fiber ^ ^ ^ 

receptor (Stevenson e a • . utuit> of Av9 for 

observation an t . explore < *> ^ ^ transduction 

the treatment of head an ^ ^ ^ 

Ten nnes by cleric fiber, and parental 

l ac vectors was investigated. Ceils were infected 
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with the chimeric fiber, Av9LacZ4 or with AvlLacZ4 
adenovirus at particles per cell ratios from 0 up to 10,000 
in a total volume of 0.2 ml of culture medium. Twenty four 
hours after infection, the cells were stained with X-Gal as 
described hereinabove. Figure 9 shows representative 
photographs of the AvlLacZ4 and Av9LacZ4 transduction of 
JSQ-3 (Fig. 9A and 9B), a human head and neck line derived 
from the nasal vestibule; Hep-2 (Fig. 9C and 9D) , a human 
epidermoid larynx carcinoma; and SCC9 (Fig. 9E and 9F, a 
human tongue squamous cell carcinoma line) monolayers at a 
dose of 1000 virus particles per cell. Differential 
transduction of all three cell lines was found. JSQ-3, 
Hep-2, and SCC9 were relatively refractory to transduction 
with AvlLacZ4 at this virus dose but were efficiently 
transduced with Av9LacZ4. 

The percentage of transduction of each . of the three 
cell lines was quantified for each virus dose from 0 up to 
10,000 virus particles per cell. The fraction of JSQ-3, 
Hep-2, and SCC9 cells transduced as a function of viral 
dose is shown in Figure 10. The JSQ-3, human nasal 
carcinoma cells (Fig. 10A) were transduced efficiently with 
the chimeric fiber Av9LacZ4 vector in a dose dependent 

manner with approximately 62.4 ± 25.3 (mean ± sd) percent 
transduction achieved at the vector dose of 1000 particles 
per cell. In contrast, less efficient transduction of JSQ- 

3 cells was found with AvlLacZ4 with only 14.6 + 6.5 
percent transduction found at a similar vector dose of 1000 
particles/cell. To achieve a similar level of transduction 
compared with Av9LacZ4, approximately 10 fold more AvlLacZ4 
virus, 10,000 particles/cell had to be used. At the higher 
vector doses of 10,000 particles per cell noticeable 
cellular toxicity was observed as demonstrated by cell 
loss. The Hep-2, human epidermoid larynx carcinoma cell 
line (Fig. 10B) was transduced efficiently with the 
chimeric fiber Av9LacZ4 vector. The percentage of 

transduction was dose dependent with 93% ±2.3 transduction 
achieved at the vector dose of 1000. Less efficient 
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* n nf Heo-2 cells was found with AvlLacZ4 at 
transduction of Hep I cexxs 

a at- the vector dose of 1000. The 

on 4% + 2.3 transduction at tne ve<- 

m ,«n« U8 cell carcinoma line also was 
SCC 9, human tongue squamous cell ca 

*ffiHentlV with AV9L3CZ4 with 80.7% ± 6.9 
transduced more efficiently wil« 

4.^ nnse of 1000 compared to only 
transduced at the vector dose of * ^ „ mP 

13 9% ± 2.1 transduction achieved with AvlLacZ4 at the same 
vector'dose. These data suggest that these squamous cell 
vector aus lpve i s of the Adenovirus 5 

carcinoma cells express low levels or 

receptor; in contrast, the Adenovirus 3 ^^ ^J 
be more abundant on squamous cell carcinoma cell ^ 
These studies demonstrate that cells derived from different 
f elons of the head and neck such as the pharynx , 
^ nasal vestibule and the tongue appear to he 
traduced more efficiently via the Adenovirus 3 receptor 
than v" the Adenovirus 5 receptor. Av9LacZ transduces 
than via tne efficiently than 

such cells approximately 4 to e times 

M1L le transduction capacity of a number of other human 
need and neck sguamou. carcinoma cell Unas w> 
investigated using AviLac.4 and Av 9 lacZ4. Figu U 

of the cell lines examined at tne 
summarizes data for each of the ceil 

. -, / n «Ho of 1000. Additional ceil j-xuco 
virus particle/cell ratio of carcin oma lines, 

coH Hnrlud ed other human squamous cell carcinoma 

SCC15 and SCC25, which are derived from the tongue. 
Cel L wert infected with Av91ac Z 4 or AvlLacZ4 adenov.rus 
victors T a particle/cell ratio of !000 and 24 hours la 

v described hereinabove. The 

were stained with X-gai as uco 

j ^liq at this vector dose was 
fraction of transduced cells at tn 
^ t • a This analysis demonstrated that all or 
determined. This ana y differentially by the 

cell lines e*^™"*^^^ fiber-containing 
A v9LacZ4 chimeric fiber and the w Ud t W ^ 

AvlLacZ4 vectors. FaDu, JSQ 3, Hep ^, a » 

L se C 25 cells were transduced efficiently with he 

chimeric fiber vector, Av9LacZ4 suggesting that the 

MeTvlrus 3 receptor is more abundant than the Adenovrrus 

5 receptor on these cell types. 

Discussion 
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These results demonstrate that an adenovirus vector 
targeted to the Adenovirus 3 receptor, Av9LacZ4, was more 
efficient at gene transfer into human squamous cell 
carcinoma cell lines than the parental vector, AvlLacZ4, 
which interacts with the Adenovirus 5 receptor. The 
percentage of cells transduced with Av9LacZ4 was dose 
dependent and approximately 4 to 6 fold higher than with 
AvlLacZ4. Further, Av9 was able to transduce efficiently 
cells derived from different origins of the head and neck 
and suggests that this vector will be useful for 
transferring genes into different locations within the head 
and neck for the development of novel gene therapy 
strategies for the treatment of head and neck squamous cell 
carcinoma. 

The disclosures of all patents, publications 
(including published patent applications), database 
accession numbers, and depository accession numbers 
referenced in this specification are specifically 
incorporated herein by reference in their entirety to the 
same extent as if each such individual patent, publication, 
database accession number, and depository accession number 
were specifically and individually indicated to be 
incorporated by reference. 

It is to be understood, however, that the scope of 
the present invention is not to be limited to the specific 
embodiments described above. The invention may be 
practiced other than as particularly described and still be 
within the scope of the accompanying claims. 
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WHAT IS CLAIMED IS: NA 
!. A method of transferring at least one 

sequence into cells, comprising: 

u with a modified 

transducing said cells witn 

a a at least one DNA sequence, 
adenovirus including said at leaSt f a 

wherein said adenovirus, prior to modification, 
wherein sa wherein> in the modified adenovirus, at 

first serotype, and w^ein adenovirus of said 

least a portion of the fiber o ^ a 

firSt Ser f 0t "I fLrTan — rl of a second serotype, 
rXerl 1 d clns include a receptor which hinds to 
" least a portion of the fiber of said a— S 

said second serotype, and ^f™^ through 
one DNA sequence into said cells is ett 
binding of said modified adenovirus to said cells. 

2 The method of Claim 1 wherein said fiber of said 
ade „ .dudes a he, =/ ^ ^ Po^ of 

serotype. 

3 The method of Claim 1 wherein said adenovirus of 

id first serotype is an adenovirus of a serotype within 
said first serotyp nd sero type is 

Suh,enus C. ^ . sobg enus seiected fro, 

» adenovirus uf a se„typ ^ ^ p _ 

the group consisting 01 ouuy^ 

^ of claim 3 wherein said adenovirus of 
4. The method of Claim w serotype wit hin 

said second serotype is an adenovirus of a serotyp 

Subgenus B. 

5 the method of Claim 4 wherein said adenovirus of 
said first serotype is Adenovirus 5, and said adenovirus of 
said second serotype is Adenovirus 3. 
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6. The method of Claim 1 wherein said cells are 
selected from the group consisting of lung cells, 
hematopoietic cells, lymphoma cells, leukemia cells, smooth 
muscle cells, and tumor cells. 

7. The method of Claim 1 wherein said cells are 
transduced with said modified adenovirus in vivo. 

8. The method of Claim 6 wherein said cells are 
lung cells. 

9. The method of Claim 6 wherein said cells are 
hematopoietic cells. 

10. The method of Claim 6 wherein said cells are 
tumor cells. 

11. The method of Claim 10 wherein said tumor cells 
are head and neck cancer cells. 

12. The method of Claim 10 wherein said tumor cells 
are neuroblastoma cells. 

13. The method of. Claim 6 wherein said cells are 
lymphoma cells. 

14. The method of Claim 6 wherein said cells are 
leukemia cells. 

15. The method of Claim 6 wherein said cells are 
smooth muscle cells. 

16. A method of transferring at least one DNA 
sequence into cells, comprising: 

transducing said cells with a modified 
adenovirus including said at least one DNA sequence, 
wherein said adenovirus, prior to modification, is of the 
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s .protvoe and wherein, in the modified 
Adenovirus 5 serotype, an Aden ovirus 5 

adenovirus, the head portion °* ^J* Qf ^ fiber 

i. removed and replaced with th head p 

of Adenovirus 3, and wherein said cell s AdenQvirus 

W hich hinds to the head * seance 

and whereby transfer of said at ieas 
Lo said cells is effected through binding of said 
modified adenovirus to said cells. 

17 a modified adenovirus including at least one u 
r he transferred into cells, wherein said 
sequence to be trans£ « r is D f the Adenovirus 5 

adenovirus, prior to ^^£ f £ adenovirus , the hea d 

serotype, f^^J"^^ 5 is removed and 
portion of the tioer ol fiber of 

replaced with the head portion of the fiber 

Adenovirus 3. 

in a composition, comprising: 

th/Lified adenovirus of Clai* H, and 



a 



one 



pharmaceutical^ acceptable carrier. 

19 A method of transferring at least 
polynucleotide into cells co^sing^ ^ 

contacting said cells witn a y . nsfer 

.v, r- ,-han an adenovirus, said gene transfer 
vehicle other than an a polynucle otide, and 

vehicle ^^V^ansfer vehicle includes at least a 
wnerein -d gene tr ^ ^ ^ ^ 

nortion of the ncer uj. ,. h i rh 



^rtion of tne - ls include a receptor which 

serotype, and wherein sard cells 

hinds to said at least a portion of the ^ 

rioted thro^h hindfn, of said gene transfer vehicle to 

said cells. wherein said gene 

20. The method of Clam 
transfer vehicle includes at least a portro 
portion of the fiber of said adenovrrus of a 

Ser °T The *ethod of Clai* 20 wherein said ,ene 
transfer vehicle includes the head portion of the fiber of 
Adenovirus 3. 
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22. A gene transfer vehicle other than an adenovirus 
which includes at least a portion of the fiber of an 
adenovirus of a desired serotype. 

23. The gene tranfer vehicle of Claim 22 wherein 
said gene transfer vehicle includes the head portion of the 
fiber of Adenovirus 3. 

.24. An adenovirus of the Adenovirus 3 serotype 
including at least one heterologous DNA sequence. 
25. A composition, comprising: 

the adenovirus of". Claim 24; and a 
pharmceutically acceptable carrier. 

.26. A method of transferring at least one 
heterologous DNA sequence into cells, comprising: 

. transducing said cells with the adenovirus of 
Claim 24, and wherein said cells include a receptor which 
binds to the fiber of Adenovirus 3, and whereby, transfer of 
said at least one heterologous DNA sequence is effected 
through binding of said adenovirus to said cells. 

27. A method of transferring at least one 
polynucleotide into cells, comprising: 

contacting said cells with a gene transfer 
vehicle including said at least one polynucleotide, wherein 
said gene transfer vehicle includes at least a portion of 
the fiber of Adenovirus 3, and wherein said cells include a 
receptor which binds to at least a portion of the fiber of 
Adenovirus 3, and whereby transfer of said at least one 
polynucleotide into cells is effected through binding of 
said gene transfer vehicle to said cells. 
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